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ABSTRACT
T he in h e r i t a n c e  o f  s p l k e le t  l e n g th ,  s p l k e le t  b re a d th  a n d  p a n ic le  
l e n g t h , a n d  th e  g e n e r a l  g e n e t i c  b e h a v io u r  o f s p lk e le t  w e ig h t  a n d  num ber 
o f s p i k e l e t s  p e r  p a n ic le  w e re  s tu d ie d  in  p o p u la t io n s  o f th e  p a re n t s  and  
? 2  a  c r o s s  b e tw e e n  t h e  C o lu s a  an d  N lra  v a r i e t i e s  of r i c e .  C o lu s a  i s  
a  t y p ic a l  l a p o n lc a  v a r ie ty  w h i le  N lra  i s  t y p i c a l  o f  th e  in d ic a  g ro u p .
S p lk e le t  l e n g th  m ean s  for th e  C o lu s a  an d  N ira  p a re n t  p la n t s  
w e re  7 .5 7  mm. a n d  1 0 .1 5  m m . ,  r e s p e c t i v e l y .  M e an  s p lk e le t  l e n g th  
for 399 p l a n t s  w a s  8 .7 4  mm. S p lk e le t  le n g th  b e h a v e d  a s  a  t y p ic a l  
q u a n t i t a t iv e  c h a r a c t e r  w ith  a b s e n c e  o f  d o m in a n c e  an d  a  c o n t in u o u s  
d i s t r ib u t i o n .  T hree  or fou r p a i r s  o f g e n e s  w e re  e s t im a te d  to  g o v e rn  
t h e  p a re n ta l  m ean  d i f f e r e n c e .  H e r i t a b i l l ty  w a s  e s t im a te d  a s  9 0 .6 % , 
In d ic a t in g  th a t  e f f e c t iv e  s e l e c t i o n  for s p l k e le t  l e n g th  c o u ld  b e  m ade 
in  t h e  .
S p ik e le t  b r e a d th  m ea n s  for th e  C o lu s a  an d  N ira  p a re n t  p la n t s  
w e re  3 .8 2  mm. a n d  2 .7 8  m m .,  r e s p e c t i v e l y .  M e an  s p ik e le t  b re a d th  
for 399 F2  p l a n t s  w a s  3 .2 2  mm. S p ik e le t  b re a d th  a l s o  b e h a v e d  a s  a 
t y p ic a l  q u a n t i t a t iv e  c h a r a c t e r ,  th o u g h  som e  s l ig h t  e v id e n c e  o f  p a r t i a l  
d o m in a n c e  for narrow  b re a d th  e x i s t e d .  T h ree  o r four p a i r s  o f  g e n e s  
w e re  e s t im a te d  t o  g o v e rn  th e  p a r e n ta l  m ean  d i f f e r e n c e .  H e r i ta b i l l ty  
w a s  e s t im a te d  a s  9 1 .8 % ,  in d ic a t in g  th a t  e f f e c t iv e  s e l e c t i o n  for 
s p ik e le t  b re a d th  c o u ld  b e  m ade in  th e  F 2  •
v il
M ean  p a n ic le  l e n g th s  for th e  C o lu s a  and  N lra  p a re n t  p la n t s  w e re  
2 1 .6 3  c m .  a n d  2 8 .9 1  c m . , r e s p e c t i v e l y .  The m ean  p a n ic le  le n g th  for 
946 F 2  p l a n t s  w a s  2 7 .9 5  c m . No g e n e t i c  a n a l y s i s  w a s  a t te m p te d  d u e  to  
a  c o m b in a t io n  o f p ro b a b le  h e t e r o s l s  for long  p a n ic le  l e n g t h , t h e  s tro n g  
in f lu e n c e  o f  e n v iro n m en t  o n  t h i s  t r a i t  a n d  th e  f a c t  th a t  t h e  F 2  v a r ia n c e  
d id  not e x c e e d  t h o s e  o f th e  p a r e n t s .  H e r i t a b i l l ty  w a s  o b v io u s ly  to o  low  
to  p e rm it  e f f e c t iv e  s e l e c t i o n  for p a n ic le  le n g th  in  th e  F 2  •
S in c e  th e  p a re n t s  h a d  e s s e n t i a l l y  t h e  sa m e  w e ig h ts  p e r  100 
s p i k e l e t s ,  no  g e n e t i c  a n a l y s i s  w a s  a t t e m p te d .  T here  w a s  som e s e g r e ­
g a t io n  for t h i s  t r a i t  in  th e  F g , w i th  th e  b u lk  o f th e  p o p u la t io n  h a v in g  
s p lk e le t  w e ig h ts  b e lo w  t h e  m ean  w e i g h t s  o f  th e  p a r e n t s . T h is  w a s  
a t t r ib u te d  to  th e  m any F 2  p l a n t s  w h ic h  h a d  new  s p lk e le t  d im e n s io n  
c o m b in a t io n s  of In te rm e d ia te  le n g th  w i th  narrow  b r e a d th ,  o r  sh o r t  
le n g th  w i th  in te rm e d ia te  b r e a d t h .
The p a re n t s  d id  not d if fe r  s i g n i f i c a n t ly  for a v e r a g e  num ber o f 
s p i k e l e t s  p e r  p a n ic le  a n d  no g e n e t i c  a n a l y s i s  w a s  a t t e m p te d .  Som e 
s e g r e g a t io n  for t h i s  t r a i t  o c c u r re d  in  th e  F 2  an d  th e re  w a s  e v id e n c e  
of h e t e r o s i s  fo r h ig h  s p i k e le t  n u m b er .  H e r i t a b i l l ty  w a s  o b v io u s ly  to o  
low  to  perm it e f f e c t iv e  s e l e c t i o n  in  t h e  F 2 .
No e v id e n c e  for g e n e t i c a l l y  c o n tro l le d  s t e r i l i t y  w a s  foun d  in
th e  F 2 .
P h e n o ty p ic  a n d  g e n e t ic  c o r r e l a t io n  c o e f f i c i e n t s  w e re  u s e d  to  
i n v e s t i g a t e  th e  p o s s ib l e  a s s o c i a t i o n s  b e tw e e n  som e o f th e  t r a i t s  in  th e  
* 2 -
v i i i
An im p o rtan t  th o u g h  low g e n e t i c  a s s o c i a t i o n , p o s s ib ly  c a u s e d  by 
l in k a g e ,  w a s  found  b e tw e e n  s p ik e le t  le n g th  a n d  b r e a d th .  The a s s o c i a t i o n  
w a s  s t r o n g e s t  in  t h o s e  p l a n t s  w i th  long  s p ik e le t  l e n g th .  The p h e n o ty p ic  
a n d  g e n e t i c  c o r r e la t io n  c o e f f i c i e n t s  w e re  - 0 .2 3  a n d  - 0 . 3 0 ,  r e s p e c t i v e l y .
A low  g e n e t i c  a s s o c i a t i o n  b e tw e e n  t im e  o f  m atu rity  an d  b o th  
s p ik e le t  d im e n s io n s  w a s  fo u n d . The a s s o c i a t i o n  w ith  s p ik e le t  b re a d th  
w a s  s t r o n g e r .  The p h e n o ty p ic  c o r r e la t io n  c o e f f i c i e n t s  b e tw e e n  d a te  of 
h a r v e s t ,  w h ic h  w a s  u s e d  to  i n d ic a t e  t im e  o f m a tu r i ty ,  a n d  th e  le n g th  
and  b re a d th  d im e n s io n s  w e re  + 0 .1 8  a n d  - 0 . 2 2 , r e s p e c t i v e l y .
No a s s o c i a t i o n  b e tw e e n  c o o k in g  q u a l i ty  o f r i c e ,  a s  in d ic a te d  
by  a l k a l i - d i g e s t i o n  i n d i c e s  and  io d in e - b lu e  v a l u e s ,  a n d  th e  s p ik e le t  
d im e n s io n s  w a s  fo u n d .
A h ig h  g e n e t i c  a s s o c i a t io n ,p r o b a b ly  du e  to  p le lo t ro p y ,  w a s  
found  b e tw e e n  p a n ic le  le n g th  a n d  p la n t  h e ig h t .  T he ir  p h e n o ty p ic  a n d  
g e n e t i c  c o r r e la t io n  c o e f f i c i e n t s  w e re  + 0 .4 3  an d  + 0 . 6 7 ,  r e s p e c t iv e ly .
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INTRODUCTION
T here  w e re  tw o m ajor o b je c t iv e s  to  t h i s  i n v e s t i g a t i o n .  F i r s t ,  
a n  a t te m p t  w a s  m ade to  s tu d y  th e  in h e r i t a n c e  of s e v e r a l  e co n o m ic  
q u a n t i t a t iv e  c h a r a c t e r s  t h a t  a re  a s s o c i a t e d  w ith  m ajor r i c e  b ree d in g  
o b j e c t i v e s .  S e c o n d ,  a n  a t te m p t  w a s  m ade to  d e te rm in e  i f  som e of 
th e  t r a i t s  s tu d ie d  w e re  a s s o c i a t e d  w ith  o n e  a n o th e r .
The q u a n t i t a t iv e  c h a r a c t e r s  i n v e s t ig a t e d  w e re  s p ik e le t  l e n g th ,  
s p ik e le t  b re a d th  a n d  p a n ic le  l e n g th .  An a t te m p t  w a s  a l s o  m ade to  
o b ta in  g e n e r a l  in fo rm a tio n  a b o u t  th e  g e n e t i c  b e h a v io r  o f s p ik e le t  
w e ig h t ,  a v e r a g e  num ber of s p i k e le t s  p e r  p a n ic le  p e r  p la n t  a n d  
am ount of s t e r i l i t y .
S p lk e le t  le n g th  an d  b re a d th  w e re  s tu d ie d  b e c a u s e  th e  r ig h t  
c o m b in a t io n  of t h e s e  s p ik e le t  d im e n s io n s  i s  on e  of th e  m ajor 
b ree d in g  o b j e c t i v e s  th e  w o rld  o v e r .  T h is  c o m b in a t io n  o f s p ik e le t  
d im e n s io n s  v a r i e s  in  d i f fe re n t  p a r t s  o f  th e  w o r ld ,  a c c o rd in g  to  t h e  
p r e f e r e n c e s  of th e  r i c e  c o n s u m e r s . The r i c e  c o n s u m e rs  p re fe re n c e  
for a  c e r t a in  c o m b in a t io n  of s p lk e le t  d im e n s io n s  i s  d u e  to  th e  f a c t  
t h a t  th e y  a s s o c i a t e  a c e r t a in  g ra in  s h a p e  w ith  i t s  c o o k in g  q u a l i t y .
t
The m ain  c o m b in a t io n s  a re  lo n g ,  s l e n d e r  r i c e  g r a in s  t h a t  co o k  dry  
an d  f lak y  an d  s h o r t ,  round  g r a in s  th a t  co ok  s t i c k y .  T hough it  h a s  
b e e n  found  r e c e n t ly  th a t  th e  s p ik e le t  d im e n s io n s  a re  not a s s o c i a t e d  
w ith  th e  c o o k in g  q u a l i ty  of r i c e , th e  c o n s u m e rs  h a v e  th e i r  p re fe r red
t y p e s  of r i c e  a n d  w i l l ,  in  g e n e r a l ,  no t a c c e p t  any  r i c e  ty p e s  t h a t  do  
no t co n fo rm . It i s  th u s  th e  r i c e  b r e e d e r s  o b l ig a t io n  to  d e v e lo p  
v a r i e t i e s  t h a t  conform  w ith  th e  c o n s u m e rs  p r e f e r e n c e s ;  o th e rw is e  
r i c e  p ro d u c e rs  w i l l  not b e  a b le  to  s e l l  t h e i r  p ro d u c e .
The s p i k e le t  d im e n s io n s  a re  a l s o  im p o rtan t  in  d e te rm in in g  
m il l in g  q u a l i ty  o f  r i c e .  A m ajor b re e d in g  o b je c t iv e  i s  t o  p ro d u ce  
r i c e  g r a in s  th a t  r e s i s t  b r e a k a g e  du ring  th e  m ill ing  p r o c e s s ,  fo r a 
h ig h e r  q u a l i ty  m il led  r i c e .  R e s i s t a n c e  to  b r e a k a g e  i s  e s p e c i a l l y  
im p o rtan t  in  t h o s e  a r e a s  t h a t ,  b e c a u s e  of th e  c o n su m e rs  p r e f e r e n c e ,  
p ro d u c e  lo n g ,  s l e n d e r  g r a in  v a r i e t i e s ,  a s  su c h  g r a in s  a re  more s u s ­
c e p t ib l e  to  b r e a k a g e  th a n  c o a r s e  o n e s .  The r i c e  b r e e d e r ,  by  a l te r in g  
so m e w h a t  th e  s p ik e le t  d im e n s io n s ,  w i th in  l im i t s ,  c a n  im prove  th e  
m il l in g  q u a l i ty  of r i c e .
S p ik e le t  d im e n s io n s  a l s o  d e te rm in e  to  a  g re a t  e x te n t  th e  
s p i k e le t  w e i g h t ,  w h ic h  may b e  a  co m p o n en t  of y i e l d .
Though som e w o rk e rs  h a v e  found  th a t  p a n ic le  le n g th  w a s  
so m e w h a t  a s s o c i a t e d  w ith  r i c e  y i e l d ,  i t  h a s  b eco m e  more im p o r tan t  
a s  a co m p o n en t  o f a  r e l a t i v e ly  new  b re e d in g  o b je c t iv e  th a t  i s  im ­
p o r ta n t  m ain ly  in  th e  U n i te d  S t a t e s .  R ice  b r e e d e r s ,  in  th e  U n i te d  
S t a t e s , h a v e  in c r e a s in g ly  b e e n  try in g  to  d e v e lo p  v a r i e t i e s  th a t  a re  
b e t t e r  a d a p te d  to  m e c h a n ic a l  h a r v e s t in g  w ith  c o m b in e s .  W ith  t h i s  
o b je c t iv e  in  m in d , r i c e  b r e e d e r s  a r e  try in g  to  d e v e lo p  v a r i e t i e s  
th a t  h a v e  sh o r t  p la n t  h e i g h t , t h a t  d e v e lo p  p a n ic le  b e a r in g  t i l l e r s
of uniform  h e ig h t  an d  m a tu r i ty ,  t h a t  a re  r e s i s t a n t  to  lo d g in g ,  th a t  
h a v e  sm oo th  h u l l s  a n d  th a t  h a v e  s h o r t ,  c o m p a c t  p a n i c l e s .
Not m any s t u d i e s  on  s p l k e le t  w e ig h t  h a v e  b e e n  m ade and  
a n  a t te m p t  w a s  m ade to  d e te rm in e  t h e  g e n e r a l  g e n e t i c  b e h a v io u r  
o f t h i s  t r a i t  an d  i t s  r e l a t i o n s h ip  to  th e  s p i k e l e t  d i m e n s io n s .  It 
w a s  a l s o  th o u g h t  th a t  s p ik e le t  w e ig h t  m ight b e  a  c o m p o n e n t  of 
y i e l d .
The a v e r a g e  num ber o f s p i k e l e t s  p e r  p a n ic le  in  r i c e  p la n t s  
h a s  not b e e n  s tu d ie d  v e ry  m u ch , a n d  a s  i t  w a s  th o u g h t  to  b e  a  
p ro b a b le  c o m p o n en t  of y i e ld ,  i t s  b e h a v io u r  w a s  s tu d ie d  in  a 
g e n e ra l  w a y .  It w a s  a l s o  s tu d ie d  to  o b ta in  som e in fo rm a tio n  on 
i t s  r e l a t i o n s h ip  w ith  p a n ic le  l e n g th .
As th e  p ro g e n ie s  th a t  w e re  s tu d ie d  w e re  from a  c r o s s  b e tw e e n
an  ln d lc a  ty p e  v a r ie ty  a n d  a l a p o n ic a  ty p e  v a r i e ty ,  in fo rm a tio n  on
th e  am ount o f s t e r i l i t y  in  th e  p ro g e n ie s  w a s  c o n s i d e r e d .  In su c h
c r o s s e s ,  a  g re a t  am ount o f g e n e t i c a l l y  c o n t ro l le d  s t e r i l i t y  u s u a l ly
o c c u r s  in  th e  th ro u g h  F 3  g e n e r a t i o n s .  The s t e r i l i t y  th a t  m ight 
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o c c u r  in  s u c h  c r o s s e s  i s  im p o rtan t  to  r i c e  b r e e d e r s ,  a s  i t  c a n  
ham per h y b r id iz a t io n  e f fo r ts  b e tw e e n  v a r i e t i e s  b e lo n g in g  to  th e  
ln d ic a  a n d  i a p o n lc a  g r o u p s .
In  th e  s e c o n d  p o r t io n  o f th i s  i n v e s t i g a t i o n ,  d e a l in g  w ith  th e  
s tu d y  of a s s o c i a t i o n s ,  an  a t te m p t  w a s  m ade  to  d e te r m in e ,  th rough  
p h e n o ty p ic  an d  g e n e t ic  c o r r e la t io n  c o e f f i c i e n t s  b e tw e e n  c o m b in a t io n
of t r a i t s ,  w h e th e r  som e o f  th e  q u a n t i t a t iv e  c h a r a c t e r s  s tu d ie d  w e re  
g e n e t i c a l ly  a s s o c i a t e d  w ith  o n e  a n o th e r .  T hree  o th e r  q u a n t i t a t iv e  
c h a r a c t e r s  w e re  a l s o  in c lu d e d  in  th i s  p h a s e  of th e  i n v e s t i g a t i o n .  
T h e s e  t r a i t s  w e re  p la n t  h e ig h t ,  a l k a l i - d i g e s t i o n  i n d ic e s  a n d  i o d i n e -  
b lu e  t r a n s m is s io n  v a lu e s  - D a ta  for t h e s e  t r a i t s  h a d  b e e n  o b ta in e d  
in  i n h e r i t a n c e  s tu d i e s  by tw o  o th e r  w o r k e r s .
The a s s o c i a t i o n s  found  w e re  to  be  in te r p r e te d  a s  to  th e i r  
d e g re e  of a s s o c i a t i o n ,  n a tu re  of a s s o c i a t i o n  a n d  p r a c t i c a l  im p o r ta n c e  
to  a  p la n t  b r e e d e r .  S uch  k n o w le d g e  c a n  m a te r ia l ly  a s s i s t  t h e  p la n t  
b r e e d e r  in  h i s  p la n n in g  of a n  e f f e c t iv e  a n d  e f f ic ie n t  s e l e c t i o n  p r o ­
g ram , b e c a u s e  a s s o c i a t i o n s ,  d e p e n d in g  o n  th e i r  d e g re e  and  n a tu r e ,  
c a n  s u b s t a n t i a l l y  h e lp  or h in d e r  him in  th e  s e l e c t i o n  for th e  t r a i t s  
i n v o lv e d .
T h is  i n v e s t ig a t i o n  w a s  c o n d u c te d  on  p la n t s  from th e  p a re n ta l  
p o p u la t io n s ,  a n d  F 2  p ro g e n ie s  o f a  c r o s s  b e tw e e n  th e  c o m m erc ia l  
v a r i e t i e s  C o lu s a  a n d  N ira .  M o s t of th e  t r a i t s  s tu d ie d  w e re  e x p r e s s e d  
in  a  c o n t r a s t in g  m anner in  th e  p a re n t  p l a n t s .
REVIEW OF LITERATURE
S p ik e le t  Length 
B ehav io r  a s  a  Q u a l i t a t iv e  C h a r a c te r
In m ost of th e  e a r ly  w ork d o n e  on  th e  in h e r i ta n c e  of s p ik e le t  
l e n g th ,  a n d  much of th e  work s i n c e ,  i t  h a s  b e e n  t r e a te d  a s  a  q u a l i ­
t a t i v e  c h a r a c t e r .
The e a r l i e s t  re c o rd  on  g ra in  s i z e  in h e r i ta n c e  i s  th a t  o f  v a n  d e r  
S tok  in  1909. As re p o r te d  by  Jo n e s  (20 ) ,  he  c r o s s e d  a  long g ra in e d  
v a r ie ty  w ith  a  sh o r t  g ra in e d  v a r ie ty  a n d  o b ta in e d  a  ra t io  of 1 sh o r t  :
2 in te rm e d ia te  : 1 long  in  th e  F 2 . T erao  in  1922, a s  r e p o r te d  by  
Jo n e s  (20), o b ta in e d  a  s e g r e g a t io n  of 3 norm al : 1 la rg e  g ra in e d  in  
th e  F 2  w h e n  h e  c r o s s e d  a  v a r ie ty  h av ing  g ra in s  of norm al s i z e  w ith  
on e  w h ic h  h ad  a b n o rm a lly  la rg e  g r a i n s .  A lso  in  1922, P a r n e l l ,  e t  a l .  
(30) o b ta in e d  a  3 norm al : 1 sh o r t  g ra in  r a t i o ,  w i th  no o v e r la p p in g  of 
g ra in  l e n g t h s ,  in th e  F 2  o f  a  c r o s s  b e tw e e n  a  dw arf  v a r ie ty  a n d  a 
norm al o n e .  The g ra in s  of th e  dw arf  p a re n t  had  th e  sa m e  b re a d th  a s  
th a t  of th e  norm al v a r ie ty  but a p p re c ia b ly  sh o r te r  g r a i n s .  In 1923, 
F ru w ir th ,  a g a in  a c c o rd in g  to  Jo n e s  (20), c r o s s e d  a  sh o r t  g ra in e d  
v a r ie ty  w ith  a long  g ra in e d  v a r ie ty  an d  o b ta in e d  th e  sam e  I sh o r t  :
2 in te rm e d ia te  : 1 long s e g re g a t io n  in  th e  F 2  t h a t  v a n  d e r  S tok  d id  in  
h i s  c r o s s  .
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C h ao  (9) in  1928, found th a t  o ne  a l le lo m o rp h ic  p a ir  of g e n e s  
w a s  r e s p o n s ib le  for in h e r i ta n c e  of s p ik e le t  l e n g th .  He d e s ig n a t e d  
t h i s  p a ir  of g e n e s  Sp s p . In  t h i s  s tu d y ,  a  c ro s s  w a s  m ade of a v a r ie ty  
va ry ing  in  s p ik e le t  le n g th  from 3 .5  mm. to  4 . 9  m m . , w ith  a  m ean  
le n g th  of 4 .1 3  mm. an d  o n e  w h ic h  h ad  s p i k e le t s  v a ry in g  in  len g th  
from 7 .3  mm. to  10 .3  m m .,  w ith  a  m ean  len g th  of 8 .8 1  mm. The 
v a r ia t io n  in  s p ik e le t  le n g th  w i th in  e a c h  of t h e s e  v a r i e t i e s  fo l lo w ed  
a  norm al f re q u e n c y  c u rv e .  Ten F j  p la n ts  w e re  o b ta in e d .  Each sh o w ed  
a  s im ila r  in te rm e d ia te  ty p e  of s p ik e le t  l e n g th ,  ran g in g  from 3 .9  mm. 
to  6 .4  mm. , w ith  a m ean  of 5 .3 3  mm. In  a  p o p u la t io n  of 718 F2  
p l a n t s ,  s p ik e le t  len g th  v a r ie d  from 4 .7  mm. to  9 .7  mm. W h e n  th e  
d if fe re n t  c l a s s  v a lu e s  w e re  p lo t te d  a s  a  f re q u e n c y  c u rv e ,  a d i s t in c t ly  
b im o d a l c u rv e  w a s  o b ta in e d .  B e c a u se  of th e  b im o d a l n a tu re  o f th e  
F 2  p o p u la t io n ,  th e  a u th o r  d iv id e d  th e  F 2  in to  tw o  p h e n o ty p ic  g ro u p s ,  
one  w ith  's h o r t '  s p i k e le t s  a n d  th e  o th e r  w ith  'long* s p i k e l e t s ,  
o b ta in in g  a n  a lm o s t  e x a c t  3:1 r a t io ,  (3 5 8 :1 8 0 ) ,  of 's h o r t '  : ' l o n g ' .
In  1931, R a m ia h , e t  a l .  (32) re p o r te d  f in d in g s  on  in h e r i ta n c e  
of g ra in  s i z e  an d  s h a p e .  In o ne  n a tu ra l  c r o s s ,  i t  w a s  found  th a t  
g ra in  s i z e  w a s  g o v e rn e d  by q u a l i t a t iv e  i n h e r i t a n c e .  T his  in v o lv e d  
th e  c ro s s  b e tw e e n  th e  v a r i e t i e s  " s i r u m a n i , "  w h ic h  had  a  m ean  
s p ik e le t  l e n g th  u n d e r  6  mm. , an d  "an a ik o m b a n ,  " w h ic h  had  a  m ean  
le n g th  of ab o u t  8 . 5  mm. The g ra in  le n g th  w a s  m e a su re d  in  th e  F 2  
an d  i t  w a s  found th a t  th e re  w e re  tw o  d e f in i te  g ro u p s ,  o ne  va ry in g
from 5 . 6  mm. to  7 .3  mm. a n d  th e  o th e r  g roup  v a ry in g  from 7 .9  mm. to  
9 .8  m m . , w i th  a  c o m p le te  b rea k  b e tw e e n  th e  tw o .  W h e n  th e  le n g th s  
w e re  p lo t te d  a g a in s t  f r e q u e n c i e s ,  a  d i s t i n c t  b im o d a l  cu rv e  w a s  o b ­
t a i n e d .  The ra t io  of sh o r t  to  long  w a s  1924:752 or 2 . 6 : 1 .  Two fu r th e r  
a r t i f i c i a l  c r o s s e s ,  t h a t  th e  a u th o rs  m a d e ,  c o n firm ed  th e  a b o v e  r e s u l t s ,  
The g ra in  le n g th  in  th e  F j  w a s  more or l e s s  in te r m e d ia te .  In  th e  F 2  
of bo th  c r o s s e s ,  w h e n  th e  g ra in  le n g th s  w e re  p lo t te d  a g a in s t  f r e ­
q u e n c i e s ,  d e f in i te  b im o d a l  c u rv e s  w e re  o b ta in e d .  From t h i s  e v id e n c e  
th e  a u th o rs  c o n c lu d e d  th a t  g ra in  l e n g th ,  a t  l e a s t  in  th e  m a te r ia l  th ey  
s tu d ie d ,  w a s  g o v e rn e d  by a  s in g le  p a ir  of a l le lo m o rp h s  an d  th a t  minor 
s u b s id ia r y  g e n e s ,  b e s i d e s  th e  m ain  p a i r ,  w e re  a l s o  in f lu e n c in g  g ra in  
l e n g th .  T h is  l a t t e r  c o n c lu s io n  w a s  b a s e d  on  th e  p h enom en on  of 
E n g le d o w 's  "S h if t ,  " w h ic h  th e y  o b s e rv e d  in  th e i r  m a te r i a l - - w h e n  
p a re n ta l  ty p e s  th a t  b re d  t ru e  w e re  e x t r a c t e d ,  th e y  n e v e r  h a d  th e  sa m e  
g ra in  le n g th  a s  th e  o r ig in a l  p a re n ts ;  th e re  w a s  a lw a y s  an  i n c r e a s e  in  
le n g th  in  th e  sh o r t  g r a in e d  ty p e s  an d  a d e c r e a s e  in  le n g th  in  th e  long 
g ra in e d  p a re n ta l  t y p e s .
J a c k ,  e i a l .  (17) in  1932, a f te r  a n a ly z in g  t h e  F 2  of c e r t a in  
c r o s s e s ,  found th a t  long  g ra in  w a s  dom inan t to  sh o r t  g ra in  in  a  
s im p le  M e n d e l ia n  r a t i o .  In th e  sam e  y e a r ,  N ak ay am a  (28) re p o r te d  
on a  s tu d y  of a  c ro s s  in v o lv in g  a  dw arf v a r ie ty  an d  a n  o rd in a ry  o n e .
He found  a  r a t io  of 3:1 in  th e  F 2  s e g r e g a t io n  of g ra in  l e n g th ,  th e  
norm al le n g th  b e in g  c o m p le te ly  d o m in an t o v e r  th e  sh o r t  g ra in  le n g th  
c o n d i t io n  of th e  dw arf  p a re n t .
Ramiah a n d  P a r th a s a r a th y  (33), in  1933 , r e p o r te d  on  a s tu d y  of 
t h e  in h e r i t a n c e  o f g ra in  le n g th  in  r i c e ,  u s in g  tw o  v a r i e t i e s  h a v in g  th e  
sa m e  g ra in  s h a p e  b u t d i f fe r in g  b y  more th a n  5 mm. in  th e i r  g r a in  l e n g th .
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O ne p a re n t  h a d  a  m ean  g ra in  le n g th  o f 5 .95 mm. a n d  th e  o th e r  p a re n t  
h a d  a m ean  g r a in  le n g th  of 1 1 .1 1  mm. The had  a  m ean  le n g th  of 
7 .7  mm. , w h ic h  w a s  b e tw e e n  th e  p a r e n ta l  m ean s  bu t n e a r e r  th a t  of 
th e  sh o r t  p a r e n t .  The d i s t r ib u t io n  of g ra in  le n g th  in  th e  F 2  c o v e re d  
th e  w h o le  ran g e  of th e  p a re n ta l  l im i ts  in  a d e f in i t  b im o d a l  form , w ith  
th e  ra n g e  of th e  m ode c o n ta in in g  t h e  g r e a te r  num ber of p la n t s  b e in g  
6 .1  mm. to  8 .7  m m . , a n d  th a t  h a v in g  th e  s m a l le r  num ber of p la n t s  
b e in g  8 .7  mm. to  1 1 .7  mm. T here  w e re  234 p la n t s  in  th e  sh o rt  
le n g th  m odal c l a s s  and  146 p l a n t s  in  th e  long le n g th  m odal c l a s s .
The F3  r e s u l t s ,  o b ta in e d  in  th e  fo l lo w in g  y e a r ,  to g e th e r  w ith  the  
F 2  r e s u l t s ,  i n d ic a t e d  to  th e  a u th o r s  th a t  th e re  w e re  th r e e  f a c to r s  
r e s p o n s ib l e  for th e  in h e r i ta n c e  o f  s p ik e le t  le n g th  in  t h i s  c r o s s ,  
th o u g h  th e y  w e re  not a b le  to  d e te rm in e  a n d  a n a ly z e  th e  e x te n t  to  
w h ic h  e a c h  of t h e s e  g e n e s  m o d if ied  g r a in  l e n g th .  ‘A lthough  in  th e  
o r ig in a l  s tu d y  no  d e s ig n a t io n  had  b e e n  g iv e n  to  t h e s e  g e n e s ,  th e y  
w e re  l a t e r  re fe r re d  to  a s  g e n e s  K j , K2  an d  K3  by Ramiah a n d  Rao 
(34) in  th e i r  re v ie w  of s p ik e le t  le n g th  i n h e r i t a n c e .
In 1935 , a s  re p o r te d  by Jo d o n , et_ a l . (18 ) ,  Ram iah an d  
M ui’a l i a r  found th a t  sh o r t  g ra in  w a s  do m inan t to  long g r a in ,  w ith  a  
3 sh o rt  : 1 long s e g re g a t io n  in  th e  F 2  • A s im i la r  r e s u l t  w a s
o b ta in e d  by M itra  an d  G a n g u l i  (26) in  1938 . In  a s tu d y  of s p ik e le t  
d im e n s io n s ,  th e y  found th a t  sh o r t  g r a in s  w e re  dom in an t to  long  g r a in s  
w i th  a 3 :1  s e g r e g a t io n  o f  sh o r t  to  long  in  th e  F 2 .
Ram iah a n d  Rao (34) r e v ie w e d  th e  r e s u l t s  of a n  e x t e n s i v e  i n v e s t i ­
g a t io n  b y  D ave  in  1939 o n  g ra in  le n g th  in h e r i t a n c e  in  a  num ber of 
c r o s s e s  b e tw e e n  p a re n ts  o f d i f fe r in g  g r a in  l e n g t h s .  D av e  c l a s s i f i e d  
th e  p a re n t  v a r i e t i e s  a c c o rd in g  to  t h e i r  g ra in  le n g th s  a s ,  "very  s h o r t ,  " 
(m ean le n g th  of s p i k e le t s  ,, 4 .3 8  m m .) ,  " s h o r t , "  (m ean  le n g th ,  5 .4 7  
m m .) ,  " m e d iu m ,"  (m ean l e n g th ,  6 .3 4  m m .) ,  a n d  " l o n g , "  (m ean  le n g th ,
7 .1 3  m m . ) . He found th a t  th e  F 2  s e g r e g a t io n  v a r ie d  a c c o rd in g  to  th e  
ty p e  of p a r e n t s  u s e d  in  th e  c r o s s .  The fo l lo w in g  a re  th e  F 2  r e s u l t s ,  
co n f irm e d  in  e v e ry  c a s e  by th e  F 3  d a t a ,  t h a t  he  o b ta in e d :
CROSS SEGREGATION IN F 2
1. "Very s h o r t"  x  " sh o r t"  3 " s h o r t "  : 1 "very  sh o r t"
2 .  "Very sh o r t"  x  "m edium " 3 " s h o r t"  : 1 "very  s h o r t"  in  one
c ro s s ;  9 " s h o r t"  : 6  "very  s h o r t"  :
1 "m edium " in  a n o th e r  c r o s s .
3 .  "Short"  x  "m edium " 3 "m edium " : 1 " sh o r t"
4 .  "M ed iu m " x  " lo n g "  3 " lo n g "  : 1 "m edium "
5 .  "Short"  x  " lo n g "  A w id e  an d  c o n t in u o u s  ran g e  w ith
a norm al f re q u e n c y  cu rv e  
As re p o r te d  by N a g a i  (27) , H a ra ,  in  1942 , found th a t  k e rn e l  
le n g th  a p p e a re d  to  be  c o n tro l le d  by tw o  p a i r s  of g e n e s  in  a  c r o s s  •
obtained  by Mitra And G anguli (26) in  1938. In a  s tu d y  of s p ik e le t  
d im e n s io n s , th ey  found that 3hort g r a in s  w e re  dom inan t to  long g ra in s  
w ith a 3:1 ta g  rogation of short to  long in  th e  F2  •
Ramiah and Rao (34) rev iew ed  th e  r e s u l t s  o f a n  e x te n s iv e  i n v e s t i ­
gation  by D ave in 1939 on grain length  in h er itan ce  in  a  num ber of 
c ro a sa s  b etw een  parents o f d iffering grain l e n g th s .  D av e  c l a s s i f i e d  
the parent v a r ie t ie s  according to  their  g ra in  le n g th s  a s ,  "very  s h o r t , "  
(mean length of s p ik e le t s ,  4 . 3 6  m m .) ,  " s h o r t , "  (m ean  l e n g t h , 5 .4 7  
mm. ) .  "aMMfium," (mean len g th , 6 . 3 4  mm. ) ,  an d  " l o n g , "  (m ean  le n g th ,
7 . 1 3  m m . ) . He found that the F2 seg reg a tio n  v a r ie d  a c c o rd in g  to  th e  
typ e  of parents u sed  in the c r o s s . The fo llow in g  a re  t h e  F 2  r e s u l t s ,
m
confirm ed in every c a s e  by the F-j d a ta , that he o b ta in e d :
CROSS SEGREGATION IN Fz
1. "Very short" x "short" 3 "short" : 1 "very  sh o r t"
2 .  "Very short" x "medium" 3 "short" : 1 "very  s h o r t"  in  one
cross; 9 " s h o r t"  : 6  "very  s h o r t"  :
1 "m edium " in  a n o th e r  c r o s s ,
3. "Short" x "m edium " 3 "m edium " : 1 " sh o r t"
4 .  "Medium" x "long" 3 " lo n g "  : 1 "m edium "
5 . "Short" x "long" A w id e  and  c o n t in u o u s  ran g e  w ith
a  norm al f re q u e n c y  cu rv e  
As reported by N a g a i  (27), H a ra ,  in  1942, found th a t  k e rn e l  
length  appeared to  be c o n tro l le d  by tw o p a i r s  of g e n e s  in  a  c ro s s
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b e tw e e n  a n  o v a l  s h a p e d  ia p o n ic a  v a r ie ty  and  a long  red  k e rn e le d  
in d ic a  v a r i e ty .  H e o b s e rv e d  a high  s t e r i l i ty  in  th e  F j  a n d  s u b s e q u e n t  
g e n e r a t i o n s ,  but found th a t  th i s  d id  not m a te r ia l ly  a f f e c t  th e  r a t io  of 
s e g r e g a t io n  in  r e s p e c t  to  s h a p e  or c o lo r .
In  1948 , D ave  (12) re p o r te d  a s in g le  f a c to r  d i f f e re n c e  b e tw e e n  
"m edium " and  " f in e "  g r a in ,  th e  l a t t e r  b e h av in g  a s  a r e c e s s i v e ,  and  
th a t  " lo n g "  g ra in  b e h a v e d  a s  a  s im p le  r e c e s s i v e  to  "m edium " g r a in ,  
( th is  b e in g  o p p o s i t e  to  th e  r e s u l t s  he  h a d  o b ta in e d  in  a n  e a r l i e r  
e x p e r im e n t) .  He a l s o  found in  c r o s s e s  b e tw e e n  " sh o r t"  a n d  "very  
sh o r t"  g r a in s  th a t  th e  F 2  s e g r e g a te d  in  a  3 " sh o r t"  : 1 "v ery  sh o r t"  
r a t i o ,  a n d  in  c r o s s e s  b e tw e e n  " sh o r t"  an d  "m edium " g r a in s  th a t  th e  
F2  s e g r e g a te d  in  a  3 "m edium " : 1 " sh o r t"  r a t i o ,  th u s  confirm ing  
som e of h is  e a r l i e r  r e s u l t s  w ith  t h e s e  tw o  c r o s s e s .
Jo n es  (21) in  1952, w o rk ing  w ith  m a te r ia l  from i r r id ia te d  
C a lo ro  r i c e ,  found  th a t  a n  in d u c e d  m u ta t io n ,  w h ic h  w a s  e x p r e s s e d  
a s  s m a l le r  g ra in s  a n d  sh o r te r  p la n t  s t a t u r e ,  w a s  a  s im p le  r e c e s s i v e  
to  th e  norm al C a lo ro  g ra in  s i z e  and  p la n t  h e ig h t .
B ehav iou r a s  a  “Q u a n t i t a t iv e  C h a r a c te r
Not much s e r io u s  w ork  on  th e  q u a n t i t a t iv e  a s p e c t  of s p ik e le t  
le n g th  in h e r i t a n c e  w a s  don e  u n t i l  r e l a t iv e ly  r e c e n t ly .  T h is  i s  t ru e  
‘ in  s p i t e  o f th e  f a c t  th a t  som e of th e  e a r ly  w o rk e rs  w ho  t r e a te d  i t  a s  
a  q u a l i t a t iv e  c h a r a c te r  r e c o g n iz e d  th a t  s p ik e le t  le n g th  m ight a l s o
b e h a v e  in  a  q u a n t i t a t iv e  m an n e r .  This w a s  th e  c a s e  of P a r n e l l ,  e t  a l .  
(30) in  1922 , w ho  s t a t e d ,  "O ne of th e  m ost s t r ik in g  f e a tu r e s  of c u l t i ­
v a te d  r ic e  i s  th e  eno rm o us  v a r ia t io n  show n by d if fe ren t  v a r i e t i e s  in  
th e  s i z e  an d  s h a p e  of th e  g r a in .  There  m ust b e  a  la rg e  num ber of 
f a c to r s  c o n c e rn e d  in  th i s  v a r ia t io n  and  th e i r  a n a l y s i s  i s  l ik e ly  to  
p rove  a m a tte r  of som e d i f f ic u l ty .  G e n e ra l ly  s p e a k in g ,  a s  is  common 
in  su c h  c a s e s ,  a  c r o s s  b e tw e e n  w id e ly  d if fe re n t  ty p e s  g iv e s  a n  Fj  ^
so m e w h ere  in te rm e d ia te  and  an  F 2  co m p ris in g  a  c o m p l ic a te d  s e r i e s  of 
o v e r la p p in g  ty p e s  th a t  r e s u l t s  in  a more or l e s s  c o n t in u o u s  v a r ia t io n  
b e tw e e n  w id e ly  d if fe re n t  e x t r e m e s . In tw o  c a s e s ,  h o w e v e r ,  s in g le  
f a c to r  v a r ia t io n s  h a v e  b e e n  f o u n d ."  T h ese  tw o  c a s e s  of q u a l i t a t iv e  
in h e r i t a n c e  w e re  th e n  i n v e s t i g a t e d  by th e  a u t h o r s .
T h is  a p p ro a ch  w a s  a l s o  t r u e ,  to  som e e x te n t ,  in  th e  w ork  by 
R am iah , et, al.. (32) in  1931, w ho s t a t e d ,  "The s tu d y  of s e v e ra l  
n a tu ra l  c r o s s e s  s e g re g a t in g  for th e  s i z e  o f g ra in  h a d  g iv e n  i n d i c a ­
t io n s  th a t  th e  in h e r i ta n c e  of g ra in  s i z e  w a s  r a th e r  c o m p l ic a te d .
O nly  one  c a s e  o c c u r re d  w h e re  i t s  I n h e r i ta n c e  p ro ved  to  be  very  
s im p le ,  and  th e  r e s u l t s  h e re in  re c o rd e d  re fe r  to  th i s  s in g le  c a s e . "  
H o w e v e r ,  t h e s e  w o rk e rs  d id  a l s o  s tu d y  one  c a s e  of q u a n t i t a t iv e  
I n h e r i ta n c e  in  s p ik e le t  le n g th  an d  th e y  d id  o b s e rv e  o th e r  su c h  
c a s e s ,  th o u g h  not in v e s t ig a t in g  th e m , a n d  d id  in c lu d e  t h e s e  f a c t s  
in  th e i r  g e n e ra l  c o n c lu s io n s  on  s p ik e le t  le n g th  in h e r i t a n c e .  They 
found  th a t  th e re  w a s  no c le a r  q u a l i t a t iv e  s e g r e g a t io n  in  an  F 2  fa m ily ,  
#6273  , o b t a i n e d  a s  a n a tu ra l  hybrid  b e tw e e n  tw o  p a re n ts  th a t
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d if fe red  in  sh a p e  bu t d if fe re d  on ly  1 .5  mm. in  g ra in  l e n g th .  T here  w a s
a  c o n t in u o u s  v a r ia t io n  in  g ra in  le n g th  in  t h i s  F 2  p o p u la t io n  b e tw e e n
\
th e  p a re n ta l  v a l u e s .  They a l s o  o b s e rv e d  th a t  in  o th e r  c r o s s e s ,  w here  
th e  p a re n ts  had  th e  sam e  s h a p e  bu t d if fe red  in  l e n g th ,  th e r e  in v a r ia b ly  
w a s  a c o n t in u o u s  s e g re g a t io n  for le n g th  in  th e  F 2 , w ith  t r a n s g r e s s iv e  
s e g re g a t io n  a t  bo th  l im its  o f th e  r a n g e s .  In th e i r  c o n c l u s i o n s ,  ta k in g  
in to  a c c o u n t  th e  a b o v e  m en tio n ed  c a s e s , th e y  s t a t e d  th a t  th e re  w a s  
e v id e n c e  to  b e l ie v e  th a t  th e  s e g re g a t io n  for s p lk e le t  len g th  w a s  more 
c o m p l ic a te d  th a n  w h a t  th e i r  m ain r e s u l t s , w h e re  g r a in  len g th  w a s  
g o v e rn e d  in  a  q u a l i t a t iv e  m an ner ,  i n d ic a t e d .
In  1935, J o n e s ,  e t^ a l .  (22) rep o r te d  a  s tu d y  of th e  in h e r i ta n c e  
of g ra in  le n g th  w h ich  a p p e a r s  to  h ave  b e e n  th e  f i r s t  s tu d y  on  s p ik e le t  
le n g th  in h e r i ta n c e  a s  a q u a n t i t a t iv e  c h a r a c t e r .  U s in g  th e  c r o s s e s  
Butte  (short)  x Edith  ( lo n g ) , C a lo ro  (short) x  H o n d u ras  ( lo n g ) , C o lu s a  
(short) x  Blue R ose  (medium) and  Edith (long) x  Blue R ose  ( m ed ium ), 
th e y  found th a t  th e  in h e r i ta n c e  of g ra in  le n g th ,  in  a l l  c r o s s e s ,  w a s  
on a m u lt ip le  f a c to r  b a s i s .  In  th e  r e c ip ro c a l  c r o s s e s  b e tw e e n  Lady 
W righ t (long) an d  C a lo ro  ( s h o r t ) , th e y  found th a t  pure  b ree d in g  l in e s  
w e re  p ro d u ce d  w ith  g ra in  l e n g th s  va ry ing  c o n t in u o u s ly  from l e s s  th a n  
th e  le n g th  of th e  sh o r te r  p a re n t  to  a s  long a s  th e  le n g th  of th e  lo nger 
p a re n t .  To s tu d y  th e  e f f e c t s  of va ry in g  e n v iro n m e n ta l  c o n d i t io n s ,  
th e  F 2  p o p u la t io n s  w e re  grow n in  th re e  d if fe re n t  l o c a l i t i e s . In  th e  
sam e  y e a r ,  Tang (48) re p o r te d  s im ila r  r e s u l t s .  He s tu d ie d  a c ro s s
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b e tw e e n  t h e .v a r i e t i e s  "Anhui S h a n t a s , " (with a m ean  s p ik e le t  len g th  
of 1 2 .9 8 5  mm.) an d  " S h e n s i  S h a n t a s , "  (with a m ean  s p ik e le t  le n g th  
of 8 .2 6 5  m m .) .  The w a s  in te rm e d ia te  in  l e n g th ,  w ith  a m ean  s p ik e le t  
le n g th  of 9 .7 1 8 4  mm. He found  th a t  th e re  w a s  a  c o n s id e r a b le  ra n g e  of 
l e n g th s  in  th e  F 2  and  F 3  g e n e r a t i o n s .  O n t h i s  b a s i s  he  c o n c lu d e d  th a t  
s p ik e le t  le n g th  w a s  a  q u a n t i t a t iv e  c h a r a c t e r ,  g o v e rn e d  by m u lt ip le  
f a c t o r s ,  an d  th a t  th e  p a re n ts  d i f fe re d  by a s e r i e s  of f a c to r s  w ith  
a b s e n c e  of d o m in a n c e .
T in (49) m ade a  v e ry  d e ta i l e d  s tu d y ,  w h ich  he  re p o r te d  in  1936, 
on  th e  v a r ia t io n  of g ra in  s i z e  w i th in  p a n i c l e s ,  b e tw e e n  p a n ic le s  of 
th e  sam e  p l a n t ,  b e tw e e n  pu re  l in e s  of d i f fe re n t  c l a s s e s  an d  d i f f e re n c e s  
in  v a r ia b i l i ty  b e tw e e n  s t r a in s  of th e  sa m e  c l a s s ,  a s  w e l l  a s  th e  e f f e c t s  
of c e r t a in  e n v iro n m e n ta l  f a c to r s  on  g ra in  d im e n s io n s .  He found t h a t ,  
w i th in  a  p a n ic le  g ra in  le n g th  d im in is h e s  from th e  top  to  th e  bottom ; 
g ra in  le n g th  may d if fe r  s ig n i f i c a n t ly  b e tw e e n  p a n ic l e s  of th e  sam e 
p la n t ;  and  th a t  th e  e x te n t  to  w h ic h  pure  l in e s  w o u ld  v e ry  w a s  in  i t s e l f  
a  v a r ia b le  a n d  th a t  d i f fe re n t  v a r i e t i e s  r e a c te d  d i f f e re n t ly  to  d if fe re n t  
e n v iro n m e n ta l  f a c t o r s .  He th u s  in fe r re d  from h is  r e s u l t s  th a t  s p ik e le t  
le n g th  w a s  a g re a t  d e a l  more v a r ia b le  du e  to  e n v iro n m en t th a n  m ost 
w o rk e rs  had  th o u g h t  i t  w a s ,  up to  th a t  t im e .
C a p in p in  an d  P u n y a s in g h  (5) s tu d ie d  v a r ia t io n  of g ra in  len g th  
in  F i  p o p u la t io n s  of v a r i e ta l  c r o s s e s  in  1938. They found th a t  th e  
F j  g ra in  le n g th s  w e re  more uniform  th a n  e i th e r  of th e  p a r e n t s ,  an d
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th a t  of th e  d im e n s io n s  s tu d ie d ,  le n g th  w a s  th e  l e a s t  v a r i a b le .  They 
a l s o  found no e v id e n c e  of h e te r o s i s  in  th e  F j .
Ramiah an d  Rao (34) re p o r te d  on  a s tu d y  b y  D ave  on  g ra in  
le n g th  in  1939 , a s  a l r e a d y  re v ie w e d  in  th e  p re v io u s  s e c t i o n .  Though 
m ost of h is  w ork d e a l t  w ith  th e  q u a l i t a t iv e  a s p e c t  of g ra in  len g th  
i n h e r i t a n c e ,  he  d id  rep o r t  on  one  c r o s s  w h e re  h e  o b ta in e d  a d raw n  
ou t ran g e  of g ra in  l e n g t h s ,  in  th e  form of a norm al f req u e n cy  cu rve ;  
th e  c r o s s  in v o lv e d  a  sho rt  g ra in e d  v a r ie ty  an d  a  long g ra in e d  v a r i e ty .
One of th e  f i r s t  e f fo r ts  to  d e te rm in e  th e  num ber of g e n e s  
g o v e rn in g  th e  in h e r i ta n c e  o f g ra in  le n g th  a s  a  q u a n t i t a t iv e  t r a i t  w a s  
by M o r in a g a ,  e t  a l .  in  1943 , a s  re p o r te d  by N a g a i  (2 7 ) .  In  th e  c ro s s  
' l o n g ' ,  (m ean s p ik e le t  le n g th  o f 9 .5  m m .) x  'm ed ium  l o n g ' ,  (m ean 
s p ik e le t  l e n g th  of 5 m m .) ,  th e  F j  k e rn e l s  w e re  a b o u t  in te rm e d ia te  
b e tw e e n  th e  p a re n ta l  v a l u e s ,  w ith  a m ean  le n g th  of 6 .9  mm. A 
w id e  ran g e  of v a r ia t io n ,  w h ic h  d id  not e x te n t  b e y o n d  th e  ran g e  of 
v a r ia t io n  of th e  tw o  p a r e n t s ,  w a s  o b s e rv e d  in  th e  ? 2  ■ F iv e  c o n s ta n t  
or a p p a re n t ly  hom o zy gou s  F 3  f a m i l ie s  w e re  o b s e r v e d ,  w ith  m ean 
g ra in  le n g th s  of 6 . 0 ,  7 . 0 ,  7 . 8 ,  8 . 0 ,  a n d  8 .2  m m . In a d d i t i o n , 
tw o  more h o m o zy g o u s  F3  f a m i l ie s  w e re  fo u n d , w i th  m ea n s  n e a r ly  
e q u iv a le n t  to  t h o s e  of th e  p a r e n t s ,  t h a t  i s ,  w i th  m ean s p ik e le t  
l e n g th s  of 5 . 0  mm. an d  9 . 0  mm. No h o m o zy g o u s  F 3  fam ily  w i th  
g ra in  le n g th  a s  g re a t  a s  t h a t  of th e  long g ra in e d  p a re n t  w a s  o b s e r v e d .  
A ccord ing  to  th e i r  a s s u m p t io n ,  th e  p e rc e n ta g e  of hom ozygous
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f a m i l i e s ,  (25%), in  th e  F 3  i n d ic a te d  to  th em  th a t  a t  l e a s t  f iv e  a l l e l o ­
m orphs w e re  in v o lv e d  in  g o v e rn in g  g ra in  le n g th  in h e r i ta n c e  in  t h i s  
c r o s s .
D av e  (12), 1948, o b ta in e d  r e s u l t s  th a t  w e re  s im ila r  t o  t h o s e  
he  o b ta in e d  in  1939. He found th a t  in  c r o s s e s  b e tw e e n  v a r i e t i e s  w ith  
ve ry  sh o r t  g ra in s  an d  v a r i e t i e s  w ith  long  g ra in s  th e  F 2  p o p u la t io n s  
e x h ib i te d  a  c o n t in u o u s  ran g e  of v a r ia t io n  b e tw e e n  th e  p a re n ta l  r a n g e s .
In 1949 , C a p in p in  an d  Amaba (6 ) found  th a t  h e te r o s i s  c a n  a f fe c t  
g r a in  l e n g t h .  S tu d y in g  th e  in h e r i ta n c e  o f s e v e r a l  c h a r a c t e r s  in  th e  
c r o s s  In a n g e l  x  F o r tu n a ,  th e y  found  th a t  th e  F j  g ra in s  e x c e e d e d  bo th  
p a re n t s  in  len g th  an d  th e y  c o n c lu d e d  th a t  t h i s  w a s  due  to  h e t e r o s i s .
T here  h a v e  b e e n  som e w o rk e rs  w h o  h a v e  t r i e d ,  not on ly  to  
d e te rm in e  th e  num ber of p o ly g e n e s  a f f e c t in g  th e  in h e r i t a n c e  of g ra in  
l e n g th ,  bu t a l s o  to  a s s i g n  sy m b o ls  to  t h e s e  g e n e s  a n d  to  e v a lu a t e  
th e i r  in d iv id u a l  q u a n t i t a t iv e  e f f e c t s .  The f i r s t  su ch  rep o r t  w a s  by 
S y ak u d o  (43) in  1951, w ho  had  s tu d ie d  s e v e r a l  o th e r  q u a n t i t a t iv e  
c h a r a c t e r s  in  r ic e  in  th e  sam e m anner e a r l i e r .  From th e  c ro s s  
"S o d a iry u "  x  "S ek ito r i  N o . 120" an d  i t s  p ro g e n y ,  h e  c o n c lu d e d  th a t  
tw o  m u lt ip le  g e n e s ,  d e s ig n a t e d  by  him a s  Gr} an d  G r 2 , an d  a  g e n e  
w h ic h  m ain ly  g o v e rn e d  th e  d e n s i ty  of g r a in s  on  th e  p a n ic l e ,  d e s i g ­
n a te d  by him a s  Ka, d e te rm in e d  th e  g ra in  l e n g th ,  a s  w e l l  a s  b re a d th  
an d  w id th .  S y aku do  c o n c lu d e d  th a t  th e  g e n e s  G r i  an d  G r 2  w e re  
a c c u m u la t iv e ,  of im p e rfec t  d o m in a n ce  a n d  w ith  a  q u a l i fy in g  e f fe c t
m u lt ip l ic a t iv e  to  th e  v a lu e  of a  fu n d am e n ta l  g e n e  c o m p le x ,  d e s ig n a te d  
by him a s  C . Ka w a s  in h ib i to ry  and  o f p e rfe c t  d o m in a n ce  in  r e s p e c t  
t o  g ra in  d e n s i ty ,  but i t s  q u a li fy in g  e f f e c t  on g ra in  le n g th  w a s  a l s o  
m u l t ip l ic a t iv e  to  th a t  of th e  fu n d am e n ta l  g e n e  c o m p lex  C .  He 
a s s u m e d ,  from h is  r e s u l t s ,  th a t  th e  g e n o ty p e s  of th e  p a re n ts  w e re  a s  
fo l lo w s :
"Soda lryu"  C .  G r jG r^  k ak a  KbKb
"S ek ito r i  N o. 120" C .  g r jg r ^  g r 2  gr£ KaKa KbKb 
S y ak u d o  p r e s e n te d  th e  q u a l i fy in g  v a lu e s  of th e  g e n e s  in  th e  form of a 
t a b l e ,  of w h ich  th e  fo llo w in g  i s  an  e x t r a c t  for o n ly  th e  g e n e  v a lu e s  
a f fe c t in g  g ra in  le n g th :
G e n e s  Q u a lify in g  v a lu e s  in  mm.
A nother w o rker w ho  m ade a s im ila r  s tu d y ,  o f a  more l im ite d  
s c o p e ,  w a s  Ik ed a  (15) in  1952 . He s tu d ie d  th e  g e n e t i c s  of g ra in  
an d  p a n ic le  le n g th  in  th e  F 3  to  F$ g e n e ra t io n s  of a c r o s s  b e tw e e n  th e  
v a r i e t i e s  "K okuryom iyako" an d  " T a i ry u to ."  H e  found th a t  g ra in  len g th  
and  p a n ic le  len g th  w e re  g o v e rn e d  by th e  sam e  g e n e  p a i r ,  Gr g r ,  w h o s e  
e f fe c t  w a s  m u lt ip l ic a t iv e  to  th a t  of a  fu n d am e n ta l  g e n e  c o m p le x .
F 3  (1936) F 4  (1937)
C . KaKa KbKb 5 .3 3 5  t  0 .0 3 2
C .  KbKb 5 .7 4 3  t  0 .0 7 4
1 .0 9 6  t  0 .0 1 9 1 .1 0 4  t  0 .0 1 5
1 .025  t  0 .0 1 9 1 .0 2 8  t  0 .0 1 8
KaKa 0 .9 1 9  t 0 .0 4 0
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S y a k u d o , e t  aJL (46), in  1953 , found  tw o a d d i t io n a l  g e n e s  th a t  
g o v e rn e d  g ra in  d im e n s io n s .  S tudy ing  th e  p ro g e n ie s  of th e  c r o s s  
" N a b e sh im a "  x  " K a i ry o -A ik n k u h e n -D a ik o k u g a ta ," th e y  found th a t  
th e  g e n e s  G r 3  and  D ^ , (govern ing  d w a r f n e s s ) ,  d e te rm in e d  g ra in  le n g th  
and  th e  o th e r  g ra in  d i m e n s i o n s . From th e i r  r e s u l t s  th e y  a s s u m e d  th e  
g e n o ty p e s  of th e  p a re n ts  to  b e :
" N a b e sh im a "  C .  G rjG rg
" K a iry o -A ik o k u h e n -D a ik o k u g a ta "  C .  g ^ g r g  d^d^
C . re fe r s  to  th e  fu n d a m e n ta l  g e n e  c o m p lex  m en tio n ed  in  a  p re v io u s  
s tu d y .  Grg w a s  of c u m u la t iv e  n a tu re  and  of im p e rfec t  d o m in a n c e ,  
w ith  i t s  q u a l i fy in g  v a lu e  m u l t ip l ic a t iv e  to  th a t  of th e  fu n d am e n ta l  
g e n e  c o m p le x .  D j  w a s  of p e r fe c t  d o m in a n ce  in  r e s p e c t  to  d w a rfn e s s  
and  i t s  q u a l i fy in g  v a lu e  on  g ra in  le n g th  w a s  a l s o  m u l t ip l ic a t iv e  to  
th a t  of th e  fu n d am e n ta l  g e n e  c o m p le x .
B o llich  (3) i n v e s t i g a t e d  th e  in h e r i ta n c e  of g ra in  l e n g th ,  a s  w e l l  
a s  g ra in  b r e a d th ,  d a te  of h e a d in g  and  g ra in  y i e l d ,  up to  th e  F4  g e n e r a ­
t io n  of a c r o s s  b e tw e e n  a c o m m erc ia l  v a r ie ty  a n d  a n  a d v a n c e d  s e l e c ­
t io n .  He found th a t  s p ik e le t  l e n g th  w a s  in h e r i te d  in  a q u a n t i t a t iv e  
m anner and  th a t  th e  p a re n ta l  d i f fe re n c e  of 0 . 6  mm. a p p e a re d  to  b e  
g o v e rn e d  by  a t  l e a s t  tw o  f a c t o r s ,  p ro b ab ly  th re e  or m ore . He a l s o  
found t r a n s g r e s s iv e  in h e r i ta n c e  for bo th  long  a n d  sh o rt  s p ik e le t  
l e n g th .  He c a l c u l a t e d  th e  h e r i t a b i l i ty  of g ra in  le n g th  by tw o m e th o d s .  
One h e r i t a b i l i ty  e s t im a te ,  b a s e d  on  th e  r e g r e s s io n  of F 3  l in e s  on F 2  
p l a n t s ,  g a v e  a h e r i t a b i l i ty  of 67% . The h e r i t a b i l i ty  b a s e d  on th e  F 2
l e
d a t a  w a s  8 6 % . The c o r r e l a t io n  c o e f f i c i e n t  b e tw e e n  th e  F2  and  F 3  
w a s  + 0 . 7 2 .
S a k a i  and  P in to  (37),  in  1958, r e p o r t e d  a  s tu d y  in  w h ic h  th e y  
m e a s u r e d  t h e  l en g th  and  w id th  of s e e d s  of s i x  F 2  p o p u la t io n s  from 
c r o s s e s  Invo lv ing  e ig h t  v a r i e t i e s .  The h e r i t a b i l i t y  of g ra in  l eng th  
w a s  found  to  be  h igh  in  a l l  e x c e p t  o n e  F 2  p o p u la t i o n .  In  t h i s  c r o s s  
t h e  p a r e n t s  w e r e  g e n o ty p i c a l l y  ve ry  s i m i l a r .  In 1959,  S a k a i  a n d  
P in to  (38) s tu d i e d  t h e  g e n e t i c  v a r i a b i l i ty  of  s e e d  s i z e  c h a r a c t e r s  in  
s i x  F 2  p o p u l a t i o n s ,  s i x  v a r i e t i e s  of p u r e - l i n e  s e l e c t i o n ,  f ive  lo c a l  
v a r i e t i e s  a n d  e igh t  v a r i e t i e s  of hybr id  o r i g i n . In a c c o r d a n c e  w i th  
e x p e c t a t i o n s ,  t h e y  found th a t  g e n e t i c  v a r i a b i l i t y  w a s  h i g h e s t  in  th e  
F 2  p o p u l a t i o n s ,  fo l lo w ed  by th e  l o c a l  v a r i e t i e s ,  v a r i e t i e s  of hybr id  
o r ig in  a n d  l e a s t  in  th e  p u r e - l i n e  s e l e c t i o n s .  In t h e  s a m e  y e a r ,  
C h a n d r a r a t n a  (8 ) r e p o r te d  th a t  h e r i t a b i l i t y  for s e e d  s i z e  w a s  h igh  in 
s i x  F 2  p o p u la t i o n s  t h a t  h e  had  s t u d i e d .  In 1961 Roy C ho u dh u ry  (35) 
found th a t  t h e  m ean  g ra in  l eng th  h e r i t a b i l i t y  of 36 t ru e  b reed ing  
v a r i e t i e s  w a s  9 1 .8 % .
The l a t e s t  s tu d y  on  q u a n t i t a t i v e  in h e r i t a n c e  of g ra in  l e n g t h ,  
found by t h i s  a u th o r ,  w a s  th a t  done  by M i t ra  (25) in  1962 .  He r e ­
p o r ted  a  s tu d y  of g r a in  s i z e  u s in g  four v a r i e t i e s  w i th  d i f fe ren t  g ra in  
t y p e s .  Two of t h e  v a r i e t i e s  w e re  of  th e  "Aus" t y p e ,  namely  
. 'C h a r n o c k ' ,  (f ine g r a i n s ) , and  'D h a i r a l ' ,  ( shor t  a nd  b o ld  g r a i n s ) .
The o th e r  tw o  v a r i e t i e s  w e re  of th e  "Aman" t y p e ,  nam ely  ' P a t n a i - 2 3 1,
(long a n d  b o ld  g r a i n s ) , a n d  U h a s a m a n i k ' , (medium g r a i n s ) . T h e s e  
v a r i e t i e s  w e re  c r o s s e d  in  a i l  p o s s i b l e  c o m b i n a t i o n s ,  r e c i p r o c a l s  
i n c l u d e d .  He found  t h a t  in  a l l  c a s e s  t h e  g ra in  d im e n s io n s  of th e  
c r o s s e s  and  t h e i r  r e c i p r o c a l s  w e r e  i d e n t i c a l  in  t h e  Fj_. The len g th  
of  th e  g ra in s  in  th e  F i  c o m b in a t io n s  w a s  more or l e s s  i n t e r m e d ia t e  
b e t w e e n  t h e  p a r e n t a l  v a l u e s ,  e x c e p t  for t h e  c o m b in a t io n  of 'C h a r n o c k '  
'B h a s a m a n i k ' , w h e r e  th e  g ra in  l e n g th  of t h e  F j w a s  found to  e x c e e d  
th e  mean  g ra in  l e n g t h s  of  th e  p a r e n t s  by 5%. In a l l  of t h e  c o m b in a ­
t i o n s ,  e x c e p t  for t h e  a b o v e - m e n t i o n e d  o n e ,  t h e  m e a n s  of t h e  F 2  w e re  
in te r m e d ia t e  b e tw e e n  t h e  p a r e n t a l  m e a n s .  In  th e  ‘C h a r n o c k '  x  
'Bhasamanik* c r o s s ,  t h e  mean l e n g th  of t h e  F 2  e x c e e d e d  t h e  p a r e n t a l  
m e a n s , e v e n  though  bo th  p a re n t s  had  a lm o s t  t h e  s a m e  l e n g t h . In 
a l l  of  th e  c o m b i n a t i o n s ,  th e  f r e q u e n c y  d i s t r i b u t i o n s  of g ra in  l en g th  
g a v e  un im oda l  c u r v e s , w i th  t r a n s g r e s s i v e  s e g r e g a t i o n  b e y o n d  t h e  
p a r e n t a l  l im i t s  in  som e  c a s e s .  T h e s e  r e s u l t s  s u g g e s t e d ,  t o  th e  
a u th o r ,  th a t  m u l t ip le  g e n e s  might b e  i n v o lv e d  in  t h e  d e te rm in a t io n  
of g ra in  l e n g t h .  He a l s o  c o n c l u d e d  th a t  th e  e x te n t  of t h e  c u m u la t iv e  
e f f e c t  of the  g e n e t i c  c o m p lex  in f lu e n c in g  g ra in  l en g th  w a s  d i f fe ren t  
in  th e  d i f fe ren t  v a r i e t i e s .  This  was e s p e c i a l l y  n o t i c e a b l e  i n  t h e  
c r o s s  'C h a r n o c k '  x  'B h a s a m a n i k ' ,  w h e r e  t h e  p a r e n t s  w e re  p h e n o -  
t y p i c a l l y  ve ry  s im i l a r  but  o b v io u s ly  w e r e  g r e a t l y  d i s s i m i l a r  g e n o ­
t y p i c a l l y .
A s s o c i a t i o n s  w i th  O the r  C h a r a c t e r s
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An a s s o c i a t i o n  b e t w e e n  l e n g th  of g r a i n  a n d  i t s  s h a p e  or  i t s  
o th e r  d i m e n s i o n s  h a s  b e e n  t h e  o n e  most  o f t e n  r e p o r t e d ,  w i th  R am iah ,  
e t  a l .  (32) in  1931 b e in g  t h e  f i r s t  t o  repor t  s u c h  a  r e l a t i o n s h i p .  From 
t h e i r  r e s u l t s ,  th e  a u th o r s  c o n c l u d e d  th a t  shor t  s p i k e l e t  l e n g th  w a s  
a s s o c i a t e d  w i th  round s h a p e  of  g r a i n .  They found  som e  i n s t a n c e s  
w h e re  sh o r t  g r a i n s  w e re  s l e n d e r  bu t  none  w h e r e  lon g  g r a i n s  w e r e  
ro u n d ,  s o  t h e y  a s s u m e d  t h a t  b e y o n d  a  c e r t a i n  l im i t  of  g r a i n  l e n g t h ,  
i t  c a n n o t  h a v e  a  round  s h a p e .  In  a  l a t e r  s tu d y  of g r a in  l e n g t h ,  
p u b l i s h e d  in  1933, Ramiah a n d  P a r t h a s a r a t h y  (33) found  th a t  t h e r e  
w a s  a d e f i n i t e  p o s i t i v e  c o r r e l a t i o n  b e tw e e n  t h e  l e n g th  of t h e  g r a in  
an d  t h e  l e n g th :b re a d th  r a t i o ,  b o th  in  t h e  p a r e n t s  a n d  in  th e  p r o g e n ie s  
of th e  c r o s s  u s e d  in  t h e  s tudy ;  long g r a in s  t e n d e d  to  b e  n a r ro w ,  w h i l e  
sho r t  g r a i n s  t e n d e d  to  b e  b ro a d e r  t h a n  t h e  long g r a i n s . They c o n ­
c lu d e d  th a t  t h e  f a c to r s  c o n t ro l l in g  w i d t h ,  t h o u g h  d i f fe ren t  from t h o s e  
c o n t ro l l in g  l e n g t h ,  w e r e  not  i n d e p e n d e n t  but  i n t e r r e l a t e d .  Ramiah 
an d  Rao (34) r ep o r te d  l a t e r  in  1953 ,  th a t  M it ra  a n d  G a n g u l l  in  1938 
a n d  M a j id  in  1939,  d id  not  a g r e e  w i th  t h e s e  f i n d in g s ,  but  t h a t  
G a n g u l i  i n  1940 h a d  r e s u l t s  conf i rm ing  t h e  a b o v e  a s s o c i a t i o n .
In 1951,  S y ak u do  (43) found  t h a t  t h e  g e n e s  G r ^ ,  G r 2  a n d  Ka, 
b e s i d e s  g o v e rn in g  th e  l e n g th  of t h e  g r a i n ,  a l s o  g o v e rn e d  t h e  b re a d th  
an d  t h i c k n e s s . S y a k u d o ,  e t  a l .  (46) ,  in  1953, found  t h a t  G r 3
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i n c r e a s e d  g ra in  l e n g th  a n d  i t s  d i a m e te r ,  w h i l e  d e c r e a s e d  g ra in  
d i a m e te r  w h i l e  i n c r e a s in g  th e  l e n g t h .
l y a m a ,  e t  al.. (16) r e p o r te d  in  1958 a  s tu d y  on  th e  i n h e r i t a n c e  of 
s i z e  a n d  s h a p e  of  r i c e  g r a i n  in  t h e  F 2  a n d  F-j of  two  i n d i c a  x  l a p o n lc a  
c r o s s e s .  They o b t a i n e d ,  "a  s l i g h t  e f f e c t  of  l i n k a g e  among r e l e v a n t  
g e n e s — for t h e  l e n g t h - w i d t h  r a t io  in "  o n e  c r o s s  a nd  a  " s l i g h t  e f fe c t  
of l in k a g e  among r e l e v a n t  g e n e s — for g ra in  l e n g th  in "  t h e  o th e r  c r o s s .
S a k a i  an d  P in to  (37) ,  in  1958,  w h i l e  s tu d y in g  t h e  l e n g th  an d  
w id th  of g ra in  from s i x  F 2  p o p u la t i o n s  in v o lv ing  e ig h t  v a r i e t i e s  a s  
p a r e n t s ,  found th a t  t h e  " g e n e t i c  c o r r e l a t i o n "  w a s  p o s i t i v e  a n d  r e l a ­
t i v e l y  h i g h .  In  a  s tu d y  a y e a r  l a t e r ,  S a k a i  and  P in to  (38) a m p l i f i e d  
th e  a b o v e  r e s u l t s .  They s t u d i e d ,  among o th e r  t h i n g s ,  t h e  " g e n e t i c  
c o r r e l a t io n "  b e tw e e n  s e e d  l e n g th  and  w id th  in  s i x  F 2  p o p u l a t i o n s ,  
s i x  p u r e - l i n e  s e l e c t i o n s ,  f ive  l o c a l  e s t a b l i s h e d  v a r i e t i e s  and  e ig h t  
v a r i e t i e s  of hybr id  o r ig in .  They found th a t  t h e  " g e n e t i c  c o r r e l a t i o n s "  
b e tw e e n  s e e d  l e n g th  and  w id th  w e r e  h ig h  in  e s t a b l i s h e d  v a r i e t i e s ,  
b u t  n e g l ig ib le  or n o n e x i s t a n t  in  th e  F 2  p o p u l a t i o n s . They c o n c lu d e d  
th a t  t h e  most  p ro b a b le  c a u s e  of th e  h igh  " g e n e t i c  c o r r e l a t io n "  in  
e s t a b l i s h e d  v a r i e t i e s  w a s  d u e ,  not  t o  g e n i c  c a u s e s  s u c h  a s  p l e i o -  
t ro p ic  e f f e c t  or g e n e t i c  l i n k a g e ,  bu t  to  long t im e  s e l e c t i o n .  
C h a n d r a r a tn a  (8 ) in  th e  s a m e  y e a r  a l s o  found  th a t  t h e  " g e n e t i c  
c o r r e l a t i o n "  b e tw e e n  s e e d  l en g th  and  w id th  w a s  lo w ,  w h i l e  s tu d y in g  
s i x  F2  p o p u l a t i o n s .  Roy C houdhury  (35) ,  in  1961,  do ing  b io m e t r i c a l
s t u d i e s  on  t h e  g ra in  s i z e  of Aman p a d d y ,  found th a t  t h e  " g e n o ty p e  
c o r r e l a t i o n "  b e tw e e n  l en g th  a n d  b r e a d th  of g ra in  w a s  n e g a t iv e ;  i . e . , 
w i th  a n  i n c r e a s e  in  l e n g th  t h e  b r e a d th  d e c r e a s e d .  He  a l s o  found 
a p le io t ro p ic  g e n e  e f f e c t ,  w h e r e  t h e  g e n e s  for t h i c k n e s s  of  g ra in  
h a d  l e s s  i n f lu e n c e  on  l e n g th  th a n  o n  b rea d th  of  g r a i n .  S a k a i  and  
S uzuk i  (39), in  1961,  r e p o r te d  a  s tu d y  o f  i n t r a p la n t  v a r i a b i l i ty  in  
X - ra y ed  m a t e r i a l .  I n t r a - p l a n t  v a r i a b i l i ty  for s e e d  l en g th  and  th a t  
for b r e a d t h ,  c a u s e d  by th e  X - r a y s ,  w e re  p o s i t i v e l y  c o r r e l a t e d ,  
( 0 .4 3 4 5 ) .  This  s u g g e s t e d  to  th e  a u th o r s  t h a t  t h e r e  w a s  a  common 
g e n ic  s y s t e m ,  t o  som e  e x t e n t ,  r e s p o n s i b l e  for b o th  v a r i a b i l i t i e s .
G r a in  l en g th  h a s  b e e n  found by som e w o rk e r s  to  b e  a s s o c i a t e d  
w i th  p a n ic l e  l e n g t h .  S yaku d o  (43),  in  1951 ,  c o n c l u d e d  th a t  t h e  g e n e  
Gr^ for g ra in  l e n g th  a n d  t h e  g e n e  P 2  for p a n i c l e  l e n g t h ,  (which he  
had  s t u d i e d  in  a n  e a r l i e r  w o r k ) , s e e m e d  t o  b e  t h e  sam e ;  w h i l e  th e  
g e n e  G r 2  for g ra in  l en g th  a n d  th e  g e n e  P 3  for p a n i c l e  l e n g th  w e r e  not 
th e  s a m e ,  th o u g h  G r 2  h a d  som e e f fe c t  on  p a n ic l e  l e n g th  a n d  P 3  had  
som e e f f e c t  on  g ra in  l e n g t h .  A y e a r  l a t e r ,  Iked a  (15) found  t h a t  g ra in  
a n d  p a n ic l e  l e n g th  w e re  g o v e rn e d  by a  p le io t ro p ic  g e n e  p a i r ,  G r  g r .  
S y a k u d o ,  e t .a l . .  (46) ,  in  1953,  c o n c lu d e d  t h a t  t h e  g e n e  for g r a in  
l e n g t h ,  G ^ ,  w a s  t h e  sa m e  a s  t h e  g e n e  P4  for p a n i c l e  l e n g t h ,  w h ic h  
a l s o  s e e m e d  to  b e  t h e  sa m e  g e n e  a s  H 2  for  cu lm  h e ig h t .
A s s o c i a t i o n s  b e tw e e n  g ra in  l e n g th  a n d  o th e r  c h a r a c t e r s  h a v e  
a l s o  b e e n  r e p o r t e d .  C h a o  (9), in  1928,  found  th a t  l en g th  of  g ra in
w a s  g o v e r n e d  by  a n  a l l e lo m o r p h ic  p a i r  of g e n e s ,  w h ic h  h e  d e s i g n a t e d  
a s  Sp Sp .  S tu d y in g  t h e  r e l a t i o n  of g r a i n  l e n g th  w i th  o th e r  c h a r a c t e r s ,  
h e  found t h a t  t h e  Sp s p a i r  o f  g e n e s  w e r e  not  l in k e d  w i th  t h e  G i
r
p a i r  of  g e n e s ,  nor  w i th  t h e  g e n e s  P r j  p r j  or Pr£ p r 2  • But h e  d id  c o n ­
c lu d e  t h a t  t h e  g e n e s  g 2  a n d  s p w e r e  c o u p le d  a n d  p l a c e d  th e m  i n t o  a  
l i n k a g e  g ro u p  w h ic h  h e  d e s i g n a t e d  a s  t h e  " s e c o n d  l i n k a g e  g r o u p . "
H e  found  t h a t  1 .11% c r o s s i n g  o v e r  o c c u r r e d  b e t w e e n  t h e s e  tw o  g e n e s . 
H e  fu r ther  c o n c l u d e d  th a t  t h e r e  w a s  no  doub t  t h a t  t h e  s h o r t  s p i k e l e t  
g e n e ,  s p , w a s  c o u p le d  w i th  one  of t h e  d u p l i c a t e  g lu m e  g e n e s ,  G 2 .
i
In  t h i s  s t u d y ,  h e  d e s i g n a t e d  Pr^ pr^ a n d  Pr 2  p ^  a s  d u p l i c a t e  g e n e s  
for p e r i c a r p  c o lo r ,  s e g r e g a t in g  in  a 15:1 r a t i o ,  a nd  h e  d e s i g n a t e d  
G i  g j  a nd  G 2  92 a s  d u p l i c a t e  g e n e s  for g lum e  l e n g t h ,  a l s o  s e g r e ­
g a t in g  i n  a  15:1 r a t i o .
R am iah ,  et. a l . (32) in  1931,  i n  a  c r o s s  b e t w e e n  l a x  a n d  d e n s e  
p a n i c l e  v a r i e t i e s ,  a l s o  s t u d i e d  g r a i n  d i m e n s i o n s  of th e  p r o g e n y .
They  c o n c l u d e d  th a t  t h e r e  w a s  a  p a r t i a l  a s s o c i a t i o n  b e t w e e n  g ra in  
l e n g th  a n d  t h e  p a n i c l e  d e n s i t y ;  s m a l l e r  g r a i n s  t e n d e d  to  b e  in  a  
d e n s e  a r r a n g e m e n t  in  t h e  p a n i c l e ,  w h i l e  l o n g e r  g r a i n s  t e n d e d  to  
b e  in  a  l a x  a r r a n g e m e n t  on  t h e  p a n i c l e .
In 1932 ,  N a k a y a m a  (28), r e p o r t in g  a  s tu d y  of  a  c r o s s  b e t w e e n  
a d w arf  a n d  a n  o rd in a ry  v a r i e t y ,  found  t h a t  t h e r e  w a s  no r e l a t i o n  
b e t w e e n  g r a i n  d i m e n s i o n s  a n d  a n t h o c y a n i n  c o l o r a t i o n ,  found  in  t h e  
d w a r f ,  nor b e t w e e n  g r a in  d i m e n s i o n s  a n d  th e  g l u t i n o u s  c o n d i t i o n  
th a t  th e  d w a r f  p a re n t  h a d .
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M os t  of th e  l i t e r a tu r e  r e l e v a n t  to  s p i k e l e t  b re a d th  i n h e r i t a n c e  
i s  i n c l u d e d  in  th a t  d e a l in g  w i th  i n h e r i t a n c e  of s p i k e l e t  l e n g t h . Very 
few a u th o r s  h a v e  s t u d i e d  th e  b rea d th  of r i c e  g r a i n s  a s  a n  in d iv id u a l  
c h a r a c t e r .  S tu d i e s  on  s p i k e l e t  b re a d th  w e re  i n c l u d e d  m os t ly  in  
i n v e s t i g a t i o n s  of g ra in  leng th  i n h e r i t a n c e .  For t h i s  r e a s o n ,  so m e  
of t h e  fo l lowing  might b e  som ew h a t  r e p e t i t i o u s .
In  c o n t r a s t  to  s p i k e l e t  l e n g t h ,  on ly  a few w o rk e r s  h a v e  found 
th a t  s p i k e l e t  b r e a d th  w a s  i n h e r i t e d  in  a  q u a l i t a t i v e  m a n n e r .  P a r n e l l ,  
e t_ a i .  (30) , in  1922,  found  t h a t  i n  one  c r o s s  t h e r e  w a s  a  3:1 r a t i o  in  
th e  ? 2  of  " c o a r s e "  b rea d th  to  " f i n e . "  This  s e g r e g a t i o n  for g r a in  
b read th  c o in c id e d  w i th  th e  s e g r e g a t io n  of th e  hu l l  c o lo r  g e n e s  G g — 
th e  b ro ad  g r a in s  w e re  in v a r i a b ly  a s s o c i a t e d  w i th  t h e  GG or Gg g e n e s ,  
and  t h e  f ine  g r a in s  w i th  th e  gg g e n e s . They c o n c l u d e d  th a t  
" c o a r s e n e s s "  of g ra in  w a s  g o v e rn e d  by a  g e n e  p a i r  w h ic h  w a s  e i t h e r  
c l o s e l y  l in k e d  to  th e  hu l l  co lo r  g e n e  p a i r  G g , or th a t  t h i s  g e n e  p a i r  
Gg i t s e l f  w a s  th e  one  de te rm in ing  b r e a d t h .  J a c k ,  et^al..  (17) , in  
1932, found th a t  b road  g ra in  w a s  dom inan t  to  s l e n d e r  i n  a  s im p le  
M e n d e l i a n  r a t i o .
G r a n t ,  in  1937, a s  r e v i e w e d  by Ramiah a n d  Rao (34) ,  s t u d i e d  
s e v e r a l  c r o s s e s  b e tw e e n  Burmese  v a r i e t i e s  for g r a in  b rea d th
i n h e r i t a n c e .  He found th a t  In tw o  of th e  c r o s s e s ,  g r a in  b re a d th  w a s  
i n h e r i t e d  in  a q u a l i t a t i v e  m a n n e r— in  one  c r o s s  " t h i n n e s s "  w a s  domi 
nan t  to  " b r o a d n e s s ”; in  th e  o th e r  c r o s s  th e  o p p o s i t e  w a s  th e  c a s e .
D a v e ,  in  1939,  a s  r e v i e w e d  by Ramiah a n d  Rao (34),  s t u d i e d  
g r a in  b re a d th  i n h e r i t a n c e  in  tw o  c r o s s e s .  O ne  c r o s s  w a s  b e t w e e n  
a  "m edium" b re a d th  v a r i e t y ,  (mean b r e a d t h ,  2 . 5 3  m m .) ,  a n d  a 
" c o a r s e "  b re a d th  v a r i e t y ,  (mean b r e a d t h ,  3 . 0 7  m m .) .  The F j  had  
a n  i n te r m e d i a t e  b re a d th  of  2 . 7 6  mm. In  t h e  F 2 , h e  s e p a r a t e d  tw o  
g r o u p s — a  "m edium " b re a d th  g r o u p ,  r ang in g  from 2 . 5 3  mm. to  2 .8 7  
m m . , a n d  a  " c o a r s e "  b rea d th  g ro u p ,  r an g in g  from 2 ,9 1  mm. t o  3 . 1 6  
mm. In  p lo t t in g  a  f r e q u e n c y  c u r v e ,  he  o b t a i n e d  a  3:1 r a t i o  of 
"medium" to  " c o a r s e . "  The F 3  r e s u l t s  con f i rm ed  h i s  F 2  d a t a .  The 
o th e r  c r o s s  w a s  b e t w e e n  a "m edium " b re a d th  v a r i e t y ,  (m ean  b re a d th  
2 . 5 3  m m .) ,  and  a  " f ine"  b re a d th  v a r i e t y ,  (mean b r e a d t h ,  2 . 0 6  mm.) 
He a g a i n  o b t a i n e d  a b im o d a l  f r e q u e n c y  c u rv e  i n  t h e  F 2 , w i th  a  3:1 
r a t io  of "m edium " to  " f i n e . "  B a se d  on t h i s  d a t a ,  h i s  c o n c l u s i o n  
w a s  t h a t  "m edium" g r a in  b rea d th  w a s  dom inan t  to  both  " f in e"  and  
" c o a r s e "  g r a in  b r e a d t h s . H o w e v e r ,  in  r e v ie w in g  D a v e ' s  s t u d y ,  
Ramiah a n d  Rao (34) q u e s t i o n e d  h i s  m e t h o d s ,  r e s u l t s  a n d  c o n c l u ­
s i o n s  .
Ramiah and  Rao (34) a l s o  r e v i e w e d  a  s tu d y  by M a j id  in  1939,  
w ho  found t h a t  g ra in  b re a d th  s e g r e g a t io n  in  t h e  F 2  c o u ld  be  
e x p la in e d  on  a  d ig e n ic  b a s i s .
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M o s t  w o rk e r s  repor t ing  on s p i k e l e t  b rea d th  i n h e r i t a n c e  h a v e  
found t h a t  i t  w a s  In h e r i t e d  in  a  q u a n t i t a t i v e  m an n e r .  Ramiah and  
P a r t h a s a r a t h y  (33), in  1933,  i n v e s t i g a t e d  g ra in  b rea d th  in  tw o  c r o s s e s .  
In one  c r o s s  th e  g r a in s  d i f fe red  on ly  in  b r e a d t h ,  t h e  l en g th  be in g  
e q u a l ,  i n  t h e  o th e r  c r o s s  th e  g r a in s  d i f f e red  in  b re a d th  a s  w e l l  a s  in  
l en g th  of g r a i n .  In  bo th  c r o s s e s  th e  m ean  b re a d th  of t h e  w a s  
i n t e r m e d i a t e .  They o b ta in e d  a c o n t in u o u s  ran g e  of v a r i a t i o n ,  c o v e r ­
ing  th e  w h o le  ra n g e  of th e  p a r e n t a l  l i m i t s , in  t h e  F 2  of bo th  c r o s s e s .  
They c o n c l u d e d  th a t  "m u l t ip le  f a c t o r s "  c o n t r o l l e d  g r a in  b rea d th  in  a 
q u a n t i t a t i v e  f a s h i o n .  J o n e s ,  e t  a l .  (22), i n  1935,  s tu d i e d  in h e r i t a n c e  
of g r a in  b re a d th  in  t h e i r  c r o s s e s ,  ( r ev iew ed  in  th e  s p i k e l e t  l eng th  
s e c t i o n ) .  They found th a t  a l l  t h e  F j  m ean  g ra in  b re a d th s  w ere  i n t e r ­
m ed ia te  b e tw e e n  th e  p a r e n ta l  r a n g e s .  C o n t in u o u s  v a r i a t i o n  of g ra in  
b r e a d t h ,  w i th  t r a n s g r e s s i v e  s e g r e g a t i o n ,  w a s  o b ta in e d  in  t h e  F 2  of 
a l l  t h e  c r o s s e s  m a d e .  They c o n c lu d e d  t h a t  g ra in  b rea d th  a p p e a r e d  
to  be  c o n t r o l l e d  by m ul t ip le  g e n e s .
In 1937 G r a n t ,  a s  r e v ie w e d  by Ramiah a n d  Rao (34),  s t u d i e d  
s e v e r a l  c r o s s e s  among Burmese  v a r i e t i e s .  In a l l  c r o s s e s ,  e x c e p t  
t w o ,  ( rev iew ed  in  t h e  p re v io u s  s e c t i o n ) ,  he  found a  c o n t in u o u s  v a r i a ­
t i o n  of g r a i n  b rea d th  in  th e  F 2 . This  i n d i c a t e d  t o  him th a t  g ra in  
b re a d th  w a s  a  p o ly g e n ic  c h a r a c t e r .  M it ra  an d  G a n g u l i  (26),  in  
1938, th o u gh  f inding  a  c l e a r  3:1 r a t io  of sho r t  to  long g ra in  l e n g th ,
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found th a t  th e  g ra in  b re a d th  f r eq u e n cy  d i s t r i b u t i o n  in  t h e  F 2  i n d i c a t e d  
th a t  t h i s  c h a r a c t e r  w a s  g o v e rn e d  by  "m u l t ip le  f a c t o r s . "
C a p in p in  a n d  P u n y a s in g h  (5), in  1938,  r ep o r t in g  on hybr id  
v igo r  in  s e v e r a l  v a r i e t a l  c r o s s e s ,  found no e f f e c t s  of  h e t e r o s i s  in  
g ra in  b r e a d t h .  The F} g ra in  b re a d th  in  a l l  c r o s s e s  made w a s  i n t e r ­
m ed ia te  b e tw e e n  th e  p a r e n t a l  m e a n s . They a l s o  found th a t  g ra in  
b rea d th  w a s  one  of t h e  most  uniform of th e  c h a r a c t e r s  s t u d i e d  in  th e  
F j .  In 1949, C a p in p in  and  Amaba (6 ) rep o r ted  on  i n h e r i t a n c e  of  
s e v e r a l  c h a r a c t e r s  in  th e  c r o s s  I n a n g e l  x  F o r tu n a .  They found  th a t  
though g ra in  l en g th  w a s  a f f e c t e d  by h e t e r o s i s ,  g r a i n  b re a d th  w a s  
in te r m e d ia t e  b e tw e e n  th e  p a re n ta l  m e a n s , w i th  no e v i d e n c e  of 
h e t e r o s i s .
S y ak ud o  (43) in  1951, found th a t  t h e  g e n e s  G r ^ ,  G r 2 < a n d  Ka 
g o v e rn e d  g ra in  b rea d th  in  t h e  s a m e  manner  t h e y  g o v e rn e d  l e n g t h , 
S y a k u d o ,  e t  a ! -  (46) In 1953,  found  t h a t  G r 3  a l s o  g o v e rn e d  g ra in  
b re a d th  and  t h i c k n e s s  a s  d id  th e  g e n e s  G r j  and  G r 2 , bu t  t h e y  found 
th a t  D]_, though  i n c r e a s in g  g ra in  l e n g t h ,  d e c r e a s e d  b re a d th  and  
t h i c k n e s s  of g r a i n .
Bol l ich  (3) in  1957,  a s  a l r e a d y  rep o r ted  in  t h e  s e c t i o n  for 
s p i k e l e t  l e n g t h ,  a l s o  w ork e d  on  th e  i n h e r i t a n c e  of  g ra in  b r e a d t h .
He found th a t  b re a d th  of s p i k e l e t  b e h a v e d  a s  a  t y p i c a l  q u a n t i t a t i v e  
c h a r a c t e r ,  though  th e r e  w a s  som e e v id e n c e  th a t  narrow s p i k e l e t  
w a s  p a r t i a l ly  dom inan t  ov e r  b road  s p i k e l e t .  He fur ther  c o n c lu d e d
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th a t  th e  p a r e n t a l  d i f f e r e n c e  of  0 . 4 9 - 0 . 7 5  mm. s e e m e d  t o  be  c o n t r o l l e d  
by more t h a n  3 p a i r s  of g e n e s ,  bu t  p ro b ab ly  not  more t h a n  4 or 5 p a i r s .  
The h e r i t a b i l i t y  e s t i m a t e  b a s e d  on  th e  r e g r e s s i o n  of F 3  on  F 2  w a s  64%, 
w i th  th e  c o r r e l a t io n  c o e f f i c i e n t  b e tw e e n  F 2  p l a n t s  and  F 3  l i n e s  be ing  
+ 0 . 7 1 .
In 1958,  s tu d y in g  th e  F 2  a n d  F 3  of  tw o  i a p o n lc a  x  l n d lc a  c r o s s e s ,  
Iy a m a ,  e t . a l .  (16) c o u ld  not d e te rm in e  t h e  number  of g e n e s  co n tro l l in g  
g ra in  b r e a d t h .  S a k a i  and  P in to  (37) In t h e  sa m e  y e a r  found  th a t  
h e r i t a b i l i t y  of  s e e d  w id th  w a s  r e l a t i v e ly  h ig h ,  though  lo w er  t h a n  th a t  
of l e n g t h .  A y e a r  l a t e r ,  S a ka i  a n d  P in to  (38) found  th a t  v a r i a b i l i t y  
of s e e d  w id th  w a s  h i g h e s t  in  F 2  p o p u l a t i o n s ,  fo l low ed  in  d e s c e n d i n g  
order  by l o c a l  v a r i e t i e s , v a r i e t i e s  of h ybr id  o r ig in  and  p u r e - l i n e  s e l e c ­
t i o n s . A lso  in  th e  sa m e  y e a r ,  C h a n d r a r a tn a  (8 ) found t h a t  s e e d  b read th  
h e r i t a b i l i t y  w a s  high in  s ix  F 2  p o p u la t i o n s  s t u d i e d .  In 1961, Roy 
C houdhury  (35) found th a t  g ra in  b re a d th  h e r i t a b i l i t y  w a s  high; t h e  
a v e r a g e  h e r i t a b i l i t y  w a s  91 .1%  in  36 t ru e  b ree d in g  v a r i e t i e s .
The l a t e s t  s tudy  on g ra in  b rea d th  i n h e r i t a n c e ,  found  by t h i s  
a u th o r ,  w a s  t h a t  done  by M it ra  (25) in  1962.  In a l l  h i s  c r o s s e s ,  
(d e ta i l e d  in  t h e  s e c t i o n  under  s p i k e l e t  l e n g t h ) ,  t h e  g r a in  b re a d th  of 
th e  F j  w a s  i n t e r m e d i a t e .  All t h e  F 2  f r eq u e n cy  c u rv e s  w e r e  u n im o d a l .
He c o n c lu d e d  th a t  g r a in  b re a d th  w a s  c o n t r o l l e d  by m u l t ip le  g e n e s .
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A s s o c ia t i o n s  w i th  O th e r  C h a r a c t e r s
The fo l lowing  rev iew  of a s s o c i a t i o n s  w i l l  b e  b r i e f ,  a s  most of 
t h e  a s s o c i a t i o n s  b e tw e e n  s p i k e l e t  b re a d th  and  o th e r  c h a r a c t e r s  h a v e  
a l r e a d y  b e e n  r e v i e w e d  in  som e  form in  t h e  s e c t i o n  und e r  s p i k e l e t  
l e n g t h .
P a r n e l l ,  e t  al.. (30) c o n c lu d e d  in  1922 th a t  " c o a r s e n e s s , "  
(being s p i k e l e t s  w i th  broad  b re a d th  in  r e l a t i o n  t o  t h e i r  l e n g t h ) , w a s  
so  c l o s e l y  a s s o c i a t e d  w i th  t h e  h u l l  co lo r  g e n e  G ,  t h a t  t h e y  though t  
th a t  t h i s  g e n e  i t s e l f  might be  th e  o n e  d e te rm in in g  b r o a d n e s s ,  if 
t h e r e  w a s  no c l o s e  l in k a g e  b e tw e e n  th e  g e n e  G ,  for hu l l  c o lo r ,  and
f
th e  g e n e  de te rm in in g  c o a r s e n e s s .  Ramiah and  P a r t h a s a r a t h y  (38) 
in  1933,  c o n c lu d e d  th a t  t h e  g e n e s  g o v e rn in g  b re a d th  w e r e  d i f fe ren t  
from t h o s e  gov e rn ing  l e n g t h ,  but  t h a t  t h e y  w e re  a s s o c i a t e d .  Ramiah 
an d  Rao (3^ reported th a t  M i t ra  a n d G a n g u l i ,  in  1938, and  M a j id ,  in  
1939, had r e s u l t s  d i s a g r e e in g  w ith  t h e  l a s t  m en t ion ed  f i n d in g s ,  but  
th a t  G a n g u l i ,  in  1940, had  r e s u l t s  confi rm ing  th e m .
Syak u do  (43), in  1951, found th a t  t h e  g e n e s  G r ^ ,  G r 2 , and  Ka 
w e re  p l e i o t r o p i c ,  g o v e rn in g  b r e a d t h ,  l e n g th  a n d  t h i c k n e s s  of  g r a in ,  
and  th a t  Gr^ w a s  t h e  sa m e  a s  t h e  g e n e  P 2 , g o v e rn in g  p a n i c l e  l e n g t h .  
S y a k u d o ,  _et .al. (46) , in  1953, found t h a t  th e  g e n e s  G r 3  a n d  D i  w e r e  
a l s o  p l e i o t r o p i c ,  g o v e rn in g  b r e a d th ,  l en g th  a n d  t h i c k n e s s  of g r a i n .  
H o w ev e r ,  th ey  found th a t  w h i l e  G r 3  i n c r e a s e d  g ra in  d i a m e t e r ,  D i  
d e c r e a s e d  i t .  They a l s o  c o n c lu d e d  th a t  G r 3  w a s  th e  sa m e  g e n e
a s  P4 , c o n t ro l l in g  p a n ic l e  l e n g t h ,  and  t h e  s a m e  a s . H j ,  c o n t ro l l in g  
cu lm  h e ig h t .
S a k a i  and  P in to  (37) in  1958,  found a  low " g e n e t i c  c o r r e l a t io n "  
b e tw e e n  l en g th  and  b r e a d t h .  In  1959, S a k a i  and  P in to  (38) found  t h a t  
" g e n e t ic  c o r r e l a t io n "  b e tw e e n  l en g th  an d  b re a d th  w a s  h ig h  in  
e s t a b l i s h e d  v a r i e t i e s  but  low or  n o n e x i s t a n t  in  F2  p o p u l a t i o n s . This  
l e d  th em  t o  c o n c lu d e  t h a t  s e l e c t i o n  in  e s t a b l i s h e d  v a r i e t i e s  w a s  t h e  " 
c a u s e  of t h i s  h igh c o r r e l a t i o n ,  r a th e r  t h a n  g e n ic  c a u s e s .  In th e  se m e  
y e a r ,  C h a n d r a r a tn a  (8 ) found t h a t  " g e n e t i c  c o r r e l a t io n "  b e tw e e n  
l en g th  a n d  b re a d th  of g r a in  w a s  low in  F 2  p o p u l a t i o n s .  H o w e v e r ,
Roy C h oudhury  (35) in  1961, found t h a t  " g e n o ty p e  c o r r e l a t io n "  b e tw e e n  
leng th  a n d  b rea d th  w a s  s i g n i f i c a n t  a nd  n e g a t i v e .  He a l s o  found th a t  
th e re  w a s  a  p le io t ro p ic  e f f e c t , w h e re  th e  g e n e s  for t h i c k n e s s  of g ra in  
a f f e c t e d  bo th  b re a d th  a nd  l e n g t h , though  a f f e c t in g  b re a d th  to  a  g r e a t e r  
e x te n t  t h a n  l e n g t h .  S a k a i  a nd  Suzuk i  (39),  in  th e  sam e  y e a r ,  r ep o r te d  
t h a t  t h e r e  w a s  p robab ly  a common g e n ic  s y s t e m  r e s p o n s i b l e ,  to  som e  
e x t e n t ,  for t h e  c o r r e l a t e d  in t r a p la n t  v a r i a b i l i t i e s  of s e e d  l e n g th  a n d  
th a t  of w i d t h ,  c a u s e d  by X-ray  t r e a tm e n t .
P a n ic le  Length 
Behavior  a s  a  Q u a l i t a t i v e  C h a r a c t e r
In a l l  t h e  l i t e r a t u r e , t h i s  au th o r  c o u ld  not f ind one  r e f e r e n c e  in  
w h ic h  a  w o rk e r  found  t h a t  p a n i c l e  l eng th  w a s  in h e r i t e d  in  a
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q u a l i t a t i v e  m anner ,  not  e v e n  in  t h o s e  r e f e r e n c e s  d e a l in g  w i th  dwarf  
forms of r i c e .  T h u s ,  a l l  w o rk e r s  repor t ing  on p a n i c l e  l e n g th  i n h e r i t a n c e  
w e re  u nan im ous  in  f inding  th a t  t h i s  c h a r a c t e r  w a s  a  q u a n t i t a t i v e  o n e .
Behav io r  a s  a  Q u a n t i t a t i v e  C h a r a c t e r
The e a r l i e s t  r e c o r d e d  s tu d y  of p a n i c l e  l en g th  i n h e r i t a n c e  s e e m s  
t o  be  one  by Kato ,  who w a s  q u o te d  by M a t s u r a ,  a s  r e v i e w e d  by Ramiah 
a n d  Rao (34),  a n d  a l s o  q u o te d  by Jon es  (20).  In 1916,  Kato found th a t  
p a n i c l e  l en g th  w a s  g o v e rn e d  by m ul t ip le  g e n e s , The f i r s t  d e t a i l e d  
s tu d y  on  p a n ic l e  l e n g th  w a s  done  by T a k e s a k i  in  1925,  a s  r e v i e w e d  
by  N a g a i  (27).  T a k e s a k i  u s e d  a c r o s s  b e tw e e n  t h e  v a r i e t i e s  
"Koyabozu"  and  " O h b a " - - " K o y a b o z u "  had  shor t  d e n s e  p a n i c l e s  w i th  a  
m ean  l e n g th  of 14 .75  c m . ;  "O hba"  had  medium len g th  e a r s  w i th  a 
m ean  len g th  of 2 0 .3 8  c m .  The mean p a n ic le  l en g th  of t h e  F 2  w a s  
1 8 .3 8  c m . ,  w i th  a ran g e  of v a r i a t i o n  b e tw e e n  12 c m .  a nd  28 c m .  
T h i r tee n  out  of t h e  206 F 3  f a m i l i e s  w e re  c o n s i d e r e d  hom ozy g ou s  in  
r e s p e c t  to  p a n i c l e  l e n g t h ,  va ry ing  in  l eng th  from 1 3 .9  c m .  to  23 c m . ,  
w i th  a n  in te r v a l  of a p p ro x im a te ly  1 ,0  c m .  b e tw e e n  t h e  f a m i l i e s .  On 
th e  b a s i s  of t h i s  e v i d e n c e ,  he  c o n c lu d e d  t h a t  p a n i c l e  l e n g th  w a s  
g o v e r n e d  by t h e  a c c u m u l a t i v e  a c t i o n  of  m ult ip le  g e n e s , e a c h  of 
w h o s e  q u a l i fy in g  v a lu e  w a s  1 .0  c m .  A y e a r  l a t e r ,  B h ide ,  a s  
r e v i e w e d  by Ramiah a n d  Rao (34),  a l s o  found th a t  p a n ic l e  l en g th  
w a s  g o v e rn e d  by m u l t ip le  g e n e s .
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Jon es  (19) u s in g  th e  c r o s s  "Niro  V a l o n e , "  (1 8 .4 5  c m . )  x  " C a l o r o , "  
(1 6 .5 3  c m . ) ,  fo u n d ,  in  1928,  t h a t  t h e  mean  p a n ic l e  l en g th  of th e  
w a s  in te r m e d ia t e  b e tw e e n  th e  p a r e n t a l  m e a n s .  H o w e v e r ,  th e  m ean  
p a n i c l e  l en g th  of t h e  F-j w a s  s i g n i f i c a n t l y  low er  t h a n  t h e  m ean  of th e  
shor t  p a n i c l e  " C a lo ro "  p a r e n t .  Jo n e s  c o u ld  n e i th e r  e x p l a i n  t h i s  
p heno m eno n  nor r e a c h  a c o n c l u s i o n  a s  to  t h e  n a tu re  of  p a n i c l e  leng th  
i n h e r i t a n c e  in  t h i s  c r o s s  .
In  a  c r o s s  b e tw e e n  tw o  v a r i e t i e s ,  one  w i th  a  p a n i c l e  l e n g th  of 
2 4 .9  c m .  , t h e  o th e r  w i th  a  m ean  p a n i c l e  l en g th  of 1 7 .0  c m . ,  Ramiah ,  
e t  al,. (32) found in  1931,  th a t  th e  F i  m ean  p a n i c l e  l en g th  w a s  i n t e r ­
m e d i a t e ,  though  a p p ro a c h in g  more t h a t  of  t h e  longer  p a n i c l e  p a r e n t .
A c o n t in u o u s  ra n g e  of v a r i a t i o n  of p a n i c l e  l e n g th  in  t h e  F 2 , r ang in g  
from 15 c m .  to  28 cm .  , w a s  o b s e r v e d .  T h e s e  r e s u l t s  s u g g e s t e d  to  
th e  a u th o r  th a t  p a n i c l e  l en g th  w a s  g o v e rn e d  by m ul t ip le  g e n e s . The 
sa m e  c o n c l u s i o n  w a s  r e a c h e d  by G ra n t  in  1935,  a s  r e v i e w e d  by 
Ramiah a n d  Rao (34).
In 1936,  Idsum i (14) r e p o r te d  a n  e x t e n s i v e  s tu d y  of h e t e r o s i s  in  
th e  F^ of  79 c o m b in a t io n s  o b ta in e d  from among 61 lo w lan d  r i c e  v a r i e ­
t i e s  . H e t e r o s i s  w a s  found  to  be  most  m arked  in  c h a r a c t e r s  s u c h  a s  
p la n t  h e ig h t ,  w e ig h t  of s t e m ,  number  of  s h o o t s  a n d  p a n i c l e  l e n g t h .
In r e s p e c t  t o  p a n i c l e  l e n g t h ,  he  found  t h a t  in  over  80% of  t h e  c o m ­
b i n a t i o n s  th e  hybr id  e x c e e d e d  th e  a v e r a g e  of  t h e  p a r e n t a l  m e a n s , and  
th a t  in  o ve r  50% of t h e  c o m b in a t io n s  t h e  hybr id  e x c e e d e d  t h e  m ean  of
t h e  lo n g e r  p a r e n t .  He found no r e l a t i o n  b e tw e e n  h e t e r o s i s  of p a n ic le  
l eng th  and  th a t  of any o th e r  c h a r a c t e r  s t u d ie d ;  th ou g h  in  many c a s e s  
h e t e r o s i s  w a s  e x h ib i t e d  in  most  of th e  c h a r a c t e r s  s i m u l t a n e o u s l y .  
M o rp h o lo g ic a l  d i f f e r e n c e s  b e tw e e n  J a p a n e s e  an d  In d ia n  t y p e s  of r i c e  
bo re  no r e l a t i o n  to  h e t e r o s i s ;  he  found t h a t  more h e t e r o s i s  w a s  found 
in  c o m b in a t io n s  b e tw e e n  In d ian  t y p e s  t h a n  in  c o m b in a t io n s  b e tw e e n  
In d ian  a n d  J a p a n e s e  t y p e s  .
C a p in p in  and  P u n y a s in g h  (5) in  1938,  found th a t  in  f ive  c r o s s e s  
out of n i n e ,  t h e  p a n ic l e  l eng th  of the  F j  w a s  s i g n i f i c a n t l y  lo n g e r  t h a n  
t h a t  of t h e  p a r e n t s .  In one  c r o s s  th e  w a s  s i g n i f i c a n t l y  lo w er  t h a n  
t h e  p a r e n t s , a n d  in  t h e  rem ain ing  c r o s s e s  no  s i g n i f i c a n t  d i f f e r e n c e  
b e tw e e n  t h e  F  ^ p a n ic le  l en g th  a n d  th a t  of th e  p a r e n t s  w a s  fo u n d .
They c o n c l u d e d  th a t  th e r e  w a s  e v id e n c e  of h e t e r o s i s  a f f e c t in g  
p a n ic l e  l e n g t h .
Some of th e  most e x t e n s i v e  s t u d i e s  on p a n ic l e  l e n g th  i n h e r i t a n c e  
Were done  by Syakudo  a nd  h is  a s s o c i a t e s .  In a l l ,  S yaku d o  {40, 4 1 ,  
4 2 ) ,  and  S y a k u d o ,  et. al.. (44) found  n ine  s e p a r a t e  g e n e s  th a t  g o v e rn e d  
p a n ic l e  l en g th  i n h e r i t a n c e ;  P j ,  P2  , P3  , P4  , P5  , Ka, Kb, G j  and  D j .  
T h e s e  do not  in c lu d e  so m e  o th e r  p l e io t ro p i c  g e n e s .  Syak ud o  (41), in  
1946, found th a t  one  g e n e ,  d e s i g n a t e d  by  him a s  P i ,  a f f e c t e d  th e  
i n h e r i t a n c e  of p a n ic le  l en g th  in  th e  c r o s s  " M i t s u r u y u "  x  " K a w a c h i s e k l . 
P j  w a s  im p e r fe c t ly  dom inan t  o v e r  i t s  a l l e l e  a n d  i t  h a d  a  qu a l i fy in g  
v a lu e  t h a t  w a s  m u l t ip l i c a t iv e  to  t h a t  of a  fu n d a m e n ta l  g e n e  c o m p le x ,
d e s i g n a t e d  by him a s  C .  In th e  c r o s s  " S o d a i r u , "  (long lo o s e  
p a n i c l e s ,  sm a l l  g r a i n s ) ,  x  "Sek i to r  1 2 0 , "  ( shor t  c o m p a c t  p a n i c l e s ,  
l a rg e  g r a i n s ) ,  S y ak u do  (41), in  1949, found t h a t  th r e e  g e n e s ,  P2 , P3  
a n d  Ka, a f f e c t e d  p a n ic l e  l eng th  i n h e r i t a n c e .  On th e  b a s i s  of h i s  r e s u l t s  
he  a s s u m e d  t h e  g e n o ty p e s  of t h e  p a r e n t s  to  be :
"Soda iru"  C .  ?2 P2  P3 P3  k a k a  KbKb
"Sek i to r i  120" C .  P3 P 3  KaKa KbKb
Ka and  Kb w e re  g e n e s  t h a t  a l s o  a f f e c t e d  p a n ic l e  d e n s i t y  and  b o th  w e re  
c o m p le t e ly  dom inan t  ove r  t h e i r  a l l e l e s  in  t h i s  r e s p e c t .  P2  a n d  P 3  
w e r e  in c o m p le te ly  dom inan t  o v e r  t h e i r  a l l e l e s .  The q u a l i fy in g  v a l u e s  
of th e  t h r e e  g e n e s ,  P2 , P 3 , a n d  Ka, w e re  m u l t i p l i c a t iv e  to  t h a t  of th e  
fu n d a m e n ta l  g e n e  c o m p le x  C . A y e a r  l a t e r ,  in  t h e  c r o s s  " H e n e i ,  "
(shor t  c o m p a c t  p a n i c l e s ,  g ra in  w i th  s u p p r e s s e d  p a l e a ) , x  " D a i r y o , "
(long l a x  p a n i c l e s ,  normal g r a in  s h a p e ) ,  S y ak u do  (42) found  th a t  th e  
g e n e s  P 2 / P3  # Ka, Kb, a n d  G1 w e r e  d e te rm in in g  p a n ic l e  l en g th  i n ­
h e r i t a n c e .  (Nagai  (27), r ev ie w in g  th i s  p a r t i c u l a r  s tudy  by S y ak ud o  
re fe r red  to  th e  v a r i e t i e s  u s e d  in  th e  c r o s s  a s  "H en  e i t o "  and  " O h t s u b u . " )  
G 1 w a s  th e  g e n e  r e s p o n s i b l e  for normal g ra in  a n d  it w a s  c o m p le te ly  
d om inan t  ov e r  i t s  a l l e l e ,  w h ich  w a s  r e s p o n s i b l e  for t h e  s u p p r e s s e d  
p a l e a  c o n d i t i o n .  All t h e s e  g e n e s ,  P 2 , P3 , Ka and  G l ,  h ad  a  q u a l i ­
fy ing v a lu e  m u l t i p l i c a t iv e  to  t h a t  of th e  g e n e  c o m p le x  C . The 
a s s u m e d  p a r e n t a l  g e n o ty p e s  w e re :
" H e n e i"  C .  P2 P 2  P 3 P 3  9*9! k a k a  kbkb
"D a iryo"  C .  P2 P 2  P 3 P3  G1G1 KaKa KbKb
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S y a k u d o ,  e t_a l .  (44) in  1952 c o n t in u e d  th e  s t u d i e s  on p a n i c l e  l e n g th  
i n h e r i t a n c e  in  t h e  c r o s s  b e tw e e n  " N a b e s h i m a , "  (medium p a n ic l e  
leng th  and  medium culm l e n g th ) ,  a n d  " K a i r y o - A ik o k u h e n - D a ik o k u g a ta , " 
( shor t  p a n i c l e s ,  d w a r f ish  cu lm ) .  They found th a t  t h r e e  g e n e s ,  P4 ,
P5 , and  D]_, d e te rm in e d  p a n ic le  l e n g th  i n h e r i t a n c e  in  t h i s  c r o s s .
The a s s u m e d  g e n o ty p e s  of t h e  p a ren t  v a r i e t i e s  w e re :
" N a b e s h im a "  C .  P4 P4  P5 P5  D j D j
" K a i r y o - A ik o k u h e n - D a ik o k u g a ta " C .  P 4 P 4  P5 P 5  d j d ^
D j  w a s  c o m p le te ly  dom inan t  over  d i ,  t h e  g e n e  r e s p o n s i b l e  for t h e  
dw arf  c o n d i t i o n .  P4  and  P^ w e re  im p e r fec t ly  d om inan t  o v e r  t h e i r  
a l l e l e s  aftd had  a n  a c c u m u la t iv e  e f f e c t . The q u a l i fy in g  v a l u e s  of 
th e  g e n e s  P4 , and  D j  w e r e  m u l t i p l i c a t iv e  t o  t h a t  of t h e  f u n d a ­
m en ta l  g e n e  c o m p le x  C .
In 1953,  C o o l h a a s  a nd  W ormer (11) found  th a t  t h e  s i z e  of 
p a n i c l e s  in  p h o to p e r io d ic a l ly  s e n s i t i v e  v a r i e t i e s  w a s  g r e a t ly  a f f e c t e d  
w i th  c h a n g e s  of p h o t o p e r i o d i s m - - p a n i c l e  s i z e  i n c r e a s e d  w i th  th e  
in ,  a s e  of p h o t o p e r i o d i s m . They a l s o  found th a t  p h o to p e r io d ic a l l y  
i n s e n s i t i v e  v a r i e t i e s  w e re  not a f f e c t e d  s i g n i f i c a n t l y  in  t h e i r  p a n i c l e  
s i z e s  by c h a n g e s  in  p h o to p e r io d i s m .
S tudy ing  th e  F j  t o  F 3  d a ta  from a c r o s s  b e t w e e n  a n  i n d l c a  and  
a i a p o n l c a  v a r i e t y .  Oka  (29) found in  1955 th a t  p a n i c l e  l e n g th
h e r i t a b i l i t y  w a s  lo w ,  0 .2 3 7  .
In 1957, S a k a i  and  N i l e s  (36) found th a t  e l e v e n  " f a c t o r s "  w e r e  
r e s p o n s i b l e  for p a n i c l e  l en g th  i n h e r i t a n c e .  In o n e  c r o s s  t h e y  a l s o
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i n v e s t i g a t e d  p a n ic l e  l eng th  h e r i t a b i l i t y  a nd  found t h a t  i t  w a s  0 .0 4 1  in  
t h e  F 2  a n d  0 .0 6 9  in  th e  F 3 . A y e a r  l a t e r ,  Toriyama and  F u t s u h a r a  
(50) found  th a t  p a n i c l e  l eng th  h ad  a low h e r i t a b i l i t y .  S y a k u d o  and  
* Kobori (47), in  th e  sam e  y e a r ,  found t h a t  h e r i t a b i l i t y  of p a n i c l e  leng th  
i n c r e a s e d  a s  sow ing  d a te  w a s  d e la y e d  in  s e v e r a l  v a r i e t i e s  of r i c e .
A s s o c i a t i o n s  w i th  O th e r  C h a r a c t e r s
P a n ic le  l en g th  h a s  b e e n  found to  b e  a s s o c i a t e d  w i th  g ra in  d im e n ­
s i o n s  by Syakudo  a n d  h is  a s s o c i a t e s .  In  1951,  S y ak ud o  (43) found 
th a t  th e  g e n e  P 2 , go v e rn in g  p a n ic l e  l e n g t h ,  w a s  t h e  s a m e  a s  t h e  g e n e  
G r j ,  g o v e rn in g  g ra in  d i m e n s i o n s .  He a l s o  found t h a t ,  w h i l e  G r 2 , 
g ov e rn in g  g ra in  d i m e n s i o n s ,  a n d  P 3 , g o v e rn in g  p a n ic l e  l e n g t h ,  w e r e  
not  t h e  s a m e ,  P^ had  som e e f fec t  on  g ra in  l eng th  a n d  G r 2  h ad  som e  
e f f e c t  on p a n ic l e  l e n g t h .  In 1952,  S y a k u d o ,  et. al.. (42) found  th a t  
t h e  g e n e  D j ,  dom inan t  o v e r  i t s  a l l e l e  w h ic h  g o v e rn e d  d w a r f n e s s ,  
a l s o  c o n t r o l l e d  p a n ic l e  l e n g t h . T h is  w a s  t h e  sa m e  g e n e  w h ic h  
S y a k u d o ,  et. al.. (46) found to  a f f e c t  g ra in  d im e n s io n s  in  1953.
They a l s o  found th a t  th e  g e n e s  P4  and  G r 3  w e re  t h e  sa m e  g e n e .
Some w o rk e rs  h a v e  found th a t  p a n ic le  l en g th  w a s  a s s o c i a t e d  
w i th  p l a n t  h e i g h t .  In 1933,  Ramiah (31) found s i g n i f i c a n t  p o s i t i v e  
c o r r e l a t i o n s  b e tw e e n  p a n ic l e  l eng th  a n d  p la n t  h e i g h t .  He o b ta in e d  a 
c o r r e l a t i o n  c o e f f i c i e n t  of 0 .4 9  in  one  F2  fam ily  and  0 ,4 7  in  a n o th e r  
F2  f a m i ly .  S y a k u d o ,  e£ a l . (45),  in  1952, found th a t  th e  g e n e  H 2 ,
go v e rn in g  cu lm  l e n g t h , w a s  th e  sa m e  g e n e  a s  P 4 , g o v e rn in g  p a n ic l e  
l e n g t h .  They a l s o  found th a t  though  H 3  and  P 5  w e re  not t h e  sam e  
g e n e ,  Hg a f f e c t e d  p a n ic l e  l eng th  and  P 5  a f f e c t e d  culm l e n g t h .  In 
t h e  sam e  y e a r ,  S y a k u d o ,  e t  a l .  (42) found t h a t  the  g e n e  D i  a l s o  
a f f e c t e d  p a n i c l e  l e n g t h .  In 1953, C h oudhury  and  S en  (10) found 
t h a t  p a n i c l e  l e n g th  a n d  p la n t  h e ig h t  w e r e  p o s i t i v e l y  c o r r e l a t e d .  They 
o b t a i n e d  a  c o r r e l a t io n  c o e f f i c i e n t  of 0 .5 6 3  in  'a m a n '  padd y  a nd  0 .4 1 3  
in  ‘b o r o ’ padd y  v a r i e t i e s .  Oka  (29),  in  1952,  s tu d y in g  th e  F 1 - F 3  
d a ta  of a  c r o s s  b e tw e e n  a n  i n d lc a  a nd  i a p o n l c a  v a r i e t i e s ,  found  th a t  
th e r e  w a s  a  r e l a t i v e ly  high  p o s i t i v e  " g e n e t i c  c o r r e l a t i o n "  b e tw e e n  
p la n t  h e ig h t  and  p a n i c l e  l e n g t h .  He a l s o  found th a t  p lan t  h e ig h t ,  
p a n i c l e  l en g th  a nd  g r a in  number s e e m e d  to  b e  s u b j e c t  to  a  s t rong  
i n f lu e n c e  of g e n e  i n t e r a c t i o n .  He fu r the r  fo u n d  th a t  l i n k a g e ,  m ain ly  
of t h e  r e p u l s i v e  s t a g e ,  w a s  s i g n i f i c a n t  b e tw e e n  p la n t  h e ig h t  and  g ra in  
num ber  and  th a t  t h i s  l i n k a g e  a l s o  s e e m e d  to  a f f e c t  p a n i c l e  l en g th  to  
som e e x t e n t .
A few w o rk e rs  h a v e  found th a t  p a n ic l e  l eng th  w a s  a s s o c i a t e d  
w i th  y i e ld  of r i c e  a n d  one  au tho r  h a s  found t h a t  t h i s  w a s  not s o .
In 1956,  H a r a d a ,  e t  a l . (13) i n v e s t i g a t e d  t h e  y ie ld in g  c a p a c i t y  in  
a s e r i e s  of J a p a n e s e  v a r i e t i e s  w h e n  so w n  a b n o rm a l ly  e a r ly  or a b ­
norm al ly  l a t e .  They found  t h a t  h igh  y i e l d ,  a f t e r  e a r ly  s o w in g ,  w a s  
c o r r e l a t e d  w i th  p a n ic l e  l e n g t h .  Alim a n d  S e n  (1),  in  1957,  s tu d y ing  
t h e  y i e ld  c o m p o n e n ts  of  sp r ing  p a d d y ,  found t h a t  y i e ld  w a s  p o s i t iv e ly
c o r r e l a t e d  w i th  p a n i c l e  l e n g t h .  In  I 9 6 0 ,  c o r r e l a t io n  s t u d i e s  s u g g e s t e d  
t h a t  maximum c o n t r ib u t io n  t o  r i c e  y i e l d  w a s  made by number  of e a r s ,  
fo l low ed  by leng th  of e a r s  a n d  l e a s t  by p lan t  h e igh t  a s  r e p o r te d  In 
Anonymous (2). A y e a r  l a t e r ,  C h a n d r a  and  P o n n a iy a  (7) found th a t  th e  
l en g th  of th e  primary e a r  w a s  not  im portan t  a s  a  y i e l d  co m p o nen t  in  t h e  
t e n  v a r i e t i e s ,  from d if fe ren t  A s ia t i c  c o u n t r i e s ,  w h ic h  th e y  s t u d i e d .
S e v e r a l  o th e r  d i f fe ren t  c h a r a c t e r s  h a v e  a l s o  b e e n  found to  be  
a s s o c i a t e d  w i th  p a n i c l e  l e n g t h .  Ram iah ,  e t . a l .  (32) ,  in  1931,  though  
o b ta in in g  no d e f in i t e  c o r r e l a t io n  b e tw e e n  p a n ic l e  l e n g th  a n d  t h e  c l u s t e r ­
ing of g r a i n s ,  found t h a t  in  g e n e r a l ,  t y p i c a l l y  c l u s t e r e d  p a n i c l e s  w e r e  
sh o r t e r  in  l en g th  t h a n  t h o s e  p a n i c l e s  w h i c h  w e r e  not c l u s t e r e d .
S y ak ud o  (41 ,  42 ) ,  in  1949 and  1950,  r e s p e c t i v e l y ,  found t h a t  th e  
g e n e s  g overn ing  p a n i c l e  d e n s i t y ,  Ka and  Kb, a l s o  g o v e rn e d  p a n ic l e  
l e n g th  in  a  p le io t ro p ic  m ann e r .  Syak u do  (42),  in  1950, found t h a t  t h e  
g e n e  G l ,  dom inan t  ove r  i t s  a l l e l e  w h ic h  g ov e rned  a  s u p p r e s s e d  p a le a  
c o n d i t i o n ,  a l s o  a f f e c t e d  p a n i c l e  l e n g t h .  In 1953, C h o ud h ury  and  
S e n  (10) found t h a t  p a n ic l e  l en g th  a n d  number of t i l l e r s  per  p lan t  
w e r e  n e g a t iv e ly  c o r r e l a t e d ,  0 . 3 6 4  in  'a m a n '  paddy a n d  0 .6 2 5  in  'bo ro '  
pad dy  v a r i e t i e s .  They a l s o  found t h a t  th e  longer  t h e  p a n ic l e  th e  more 
g r a in s  t h e r e  w e re  p e r  p a n i c l e .  They m e a s u re d  t h i s  a s s o c i a t i o n  only  
in  th e  'b o ro '  paddy  v a r i e t i e s  a nd  o b t a i n e d  a c o r r e l a t io n  c o e f f i c i e n t  
of 0 . 6 8 7 .  In 1957,  Alim and  S e n  (1) a l s o  found t h a t  l e n g th  of p a n i c l e  
w a s  p o s i t i v e l y  a s s o c i a t e d  w i th  number  of g ra in s  per  p a n i c l e .
MATERIALS AND METHODS
The m a te r i a l  u s e d  in  t h i s  i n v e s t i g a t i o n  c o n s i s t e d  of the  F j  and  
F 2  g e n e r a t i o n s  of a  c r o s s  b e tw e e n  t h e  tw o  r i c e  v a r i e t i e s ,  C o l u s a  and  
N i r a .
C o l u s a  i s  a  p u r e - l i n e  s e l e c t i o n  made in  1911 by C h a r l e s  E. 
C h a m b l i s s  and  J .  M i t c h e l l  J e n k i n s ,  i n  th e  c o o p e r a t i v e  e x p e r im e n t s  
a t  th e  R ice  Experiment  S t a t i o n ,  C r o w le y ,  L o u i s i a n a .  It w a s  d e r iv e d  
from C h i n e s e ,  a  v a r i e ty  i n t ro d u c e d  from I ta ly  In 1909 by H ar len  
M e t c a l f .  It w a s  t e s t e d  a t  th e  Biggs Rice F ie ld  S t a t i o n ,  C a l i f o r n i a ,  
from 1913 to  1916,  and  d i s t r i b u t e d  in  1918 by E. L. A dam s.  C o l u s a  
i s  a  i a p o n i c a  t y p e  v a r i e t y .  It y i e l d s  w e l l  in  f e r t i l e  l a n d s ,  i s  h igh  
t i l l e r i n g  a n d  sho r t  s t a tu r e d  a nd  m a tu res  e a r l y .  It  h a s  r e l a t i v e l y  
c o m p a c t  a n d  sho r t  p a n i c l e s ,  w i th  ro u n d ,  sh o r t ,  p u b e s c e n t  g r a i n s .
Nira  i s  a  p u r e - l i n e  s e l e c t i o n ,  m ade  in  1928 by C h a r l e s  E. 
C h a m b l i s s  and  J .  M i t c h e l l  J e n k in s  i n  t h e  c o o p e r a t i v e  e x p e r im e n t s  
a t  t h e  Rice  Experiment  S t a t i o n ,  C r o w le y ,  L o u i s i a n a .  It w a s  d e r iv e d  
from a v a r i e ty  In t ro d u c e d  by t h e  U n i ted  S t a t e s  D e p ar tm en t  of A gr icu l ­
tu re  in  1916 from the  P h i l ip p in e  I s l a n d s .  Nira  w a s  r e l e a s e d  for 
c o m m e rc ia l  g rowing  in  1932 by  th e  D e p ar tm en t  in  c o o p e r a t i o n  w i th  
t h e  L o u is ia n a  A gr icu l tu ra l  Experiment  S t a t i o n .  N ira  i s  a n  in d ic a  
ty p e  v a r i e t y .  It y i e ld s  a n d  m i l l s  w e l l ,  i s  t a l l  s t a tu r e d  a n d  m a tu re s
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l a t e .  It h a s  r e l a t i v e l y  l a x  a nd  long p a n i c l e s ,  w i t h  l o n g ,  s l e n d e r ,  
g l a b r o u s  g r a i n s .
The o r ig in a l  c r o s s  w a s  m ade  in  a g r e e n h o u s e  in  1957 at  
L o u is ia n a  S t a t e  U n i v e r s i t y .  U s in g  C o l u s a  a s  t h e  fem a le  p a re n t  a n d  
N ira  a s  t h e  male  p a r e n t ,  25 F j  s e e d  w e r e  o b t a i n e d .  F i f t e e n  F j  s e e d  
w e r e  p l a n t e d  in  t h e  g r e e n h o u s e  in  F e b ru a ry ,  1962 .  T w elve  of t h e s e  
s e e d  e v e n t u a l l y  g e rm in a t e d  a nd  p ro d u ce d  p l a n t s  from w h ic h  F 2  s e e d  w a s  
h a r v e s t e d .  On M ay 15, 1963 ,  ab o u t  1000 F 2  s e e d s  from e a c h  of two F i  
p l a n t s  w e r e  so w n  in  a d jo in in g  p lo t s  a t  t h e  L o u is ia n a  Rice  Experiment  
S t a t i o n  a t  C r o w l e y ,  L o u i s i a n a .  The s e e d  w a s  p l a n t e d  by h a n d ,  i n  12 
row s  for  e a c h  F 2  f a m i ly ,  th e  row s  be in g  o n e  foot a p a r t ,  w i th  s i x  i n c h e s  
b e tw e e n  t h e  s e e d .
One  row e a c h  o f  C o l u s a  a n d  Nira  p l a n t s  w e r e  grown in  an  a d ­
jo in in g  f i e l d .  S e e d  from t h e  e x a c t  p a re n t  p l a n t s ,  u s e d  in  m aking  t h e  
c r o s s  in  1957,  w e r e  not  a v a i l a b l e  for  p la n t in g  w i t h  t h e  F 2 . Assum ing  
t h a t  t h e  C o l u s a  a n d  Nira  v a r i e t i e s  had  no t  c h a n g e d  s i n c e  1957 ,  s e e d  
from t h e s e  v a r i e t i e s  w a s  o b t a i n e d  from t h e  Rice  E xper im en t  S t a t i o n ,  
from th e i r  1961 h a r v e s t ,  for p la n t in g  w i th  t h e  F 2 . It  w a s  a s s u m e d ,  
a t  t h a t  t im e ,  t h a t  t h e s e  v a r i e t i e s  h ad  r e m a in e d  h o m o g e n e o u s ,  s i n c e  
t h e y  a re  long  e s t a b l i s h e d  v a r i e t i e s ,  a n d  t h a t  t h e y  h a d  g e n o ty p e s  r e p r e ­
s e n t a t i v e  of t h e  o r ig in a l  p a re n t  p l a n t s  u s e d  in  making  t h e  c r o s s .
S e e d  w a s  h a r v e s t e d  in  S e p te m b e r  1963 from t h e  F 2  p l a n t s  of
o n e  of  t h e  tw o  F 2  p r o g e n ie s  g ro w n .  Due  to  t h e  u n e v e n  m a tu ra t io n  
of  t h e  m a t e r i a l ,  t h r e e  d i f f e ren t  d a t e s  w e r e  n e e d e d  to  h a r v e s t  a l l  o f
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th e  p l a n t s .  On th e  f i r s t  d a t e ,  S e p te m b e r  4 ,  250 F 2  p l a n t s  w e re  
h a r v e s t e d  from t h e  p o p u l a t i o n ,  a s  w e l l  a s  60 p l a n t s  of t h e  C o l u s a  
p a re n t  v a r i e t y .  T h e s e  26 0 F 2  p l a n t s  w e r e  a s  e a r ly  a s  t h e  C o l u s a  
p a r e n t ,  a n d  w e r e  s e l e c t e d  from t h e  f i r s t  s i x  r o w s — it  w a s  not  p o s s i b l e  
t o  h a r v e s t  t h o s e  m ature  p l a n t s  from t h e  l a s t  s i x  row s  of th e  F 2  p rogeny  
d u e  to  l a c k  of t i m e .  On  t h e  s e c o n d  h a r v e s t  d a t e ,  S e p tem b er  9 ,  the  
m ature  p l a n t s  from t h e  l a s t  s i x  ro w s  w e r e  h a r v e s t e d ,  a lo n g  w i th  t h o s e  
p l a n t s  in  th e  f i r s t  s i x  ro w s  w h ic h  h a d  m atu red  in  th e  in te rv e n in g  d a y s .  
A t o t a l  of  429 F 2  p l a n t s  w e r e  h a r v e s t e d  a t  th a t  d a t e .  On t h e  l a s t  
h a r v e s t  d a t e ,  S e p te m b e r  2 6 ,  t h e  r e s t  of th e  F 2  p o p u la t i o n ,  w h ic h  
m atured  a t  a p p ro x im a te ly  t h e  s a m e  t im e  a s  th e  N ira  p a re n t  v a r i e ty  
p o p u l a t i o n ,  w a s  h a r v e s t e d .  On t h e  f in a l  d a t e ,  267 F 2  p l a n t s  w e r e  
h a r v e s t e d  a s  w e l l  a s  60 N ira  p a re n t  p l a n t s .
H a r v e s t i n g  w a s  d o n e  by  h a n d ,  a f t e r  f i r s t  r e c o rd in g  t h e  h e ig h t  
of e a c h  p l a n t , b y  c u t t in g  off  a l l  p a n i c l e s  from a  p la n t  and  p l a c in g  
th em  in  m arked  e n v e l o p e s , for i d e n t i f i c a t i o n  p u r p o s e s  . The m a te r i a l  
w a s  a l l o w e d  to  dry  b e fo re  t h r e s h i n g ,  dur ing  w h ic h  t im e  m e a s u r e m e n ts  
w e r e  t a k e n  on t h e  t o t a l  num ber  of p a n i c l e s  p e r  p l a n t  a n d  o n  th e  
p a n i c l e  l e n g th  for e a c h  p l a n t . T h re sh in g  w a s  done  by h a n d  a nd  th e  
s e e d  of e a c h  p la n t  w a s  b u lk e d  a n d  p l a c e d  in  a "Kraf t” p a p e r  bag  
w h ic h  w a s  marked w i th  t h e  a p p ro p r ia te  p l a n t  d e s i g n a t i o n ,  for i d e n t i ­
f i c a t i o n  p u r p o s e s . W h e n  t h e  d a ta  on a l l  c h a r a c t e r s  to  b e  s t u d i e d  
had  b e e n  o b t a i n e d ,  it  w a s  d e c i d e d  to  d iv id e  t h e  m ethod  of s tu d y  of
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th e  d a t a  a n d  i t s  l a t e r  p r e s e n t a t i o n  an d  d i s c u s s i o n  in to  t h r e e  main 
p a r t s :
A. A c o m p le te  g e n e t i c a l  a n a l y s i s  of t h e  th re e  most  im por tan t  
c h a r a c t e r s ;  s p i k e l e t  l e n g t h ,  s p i k e l e t  b r e a d t h ,  a n d  p a n ic le  l e n g t h .
B. A l e s s  d e t a i l e d  a n a l y s i s  of w h a t  a p p e a re d  to  be  t h e  l e s s  
im por tan t  c h a r a c t e r s  s tu d ie d ;  w e ig h t  per  1 0 0  s p i k e l e t s ,  number  of 
s p i k e l e t s  pe r  p a n i c l e  a n d  p e r c e n t a g e  s t e r i l i t y .
C .  A s tu d y  of a s s o c i a t i o n s  b e tw e e n  som e  of th e  a b o v e  
c h a r a c t e r s  a nd  a s tu d y  of a s s o c i a t i o n s  b e tw e e n  so m e  of t h e s e  
c h a r a c t e r s  a n d  th e  t h r e e  c h a r a c t e r s  p l a n t  h e ig h t ,  a l k a l i - d i g e s t i o n  
i n d i c e s ,  and  i o d i n e - b l u e  t r a n s m i s s i o n  v a l u e s .  The d a ta  on  t h e s e  
th r e e  c h a r a c t e r s  h ad  b e e n  o b t a in e d  from th e  s a m e  F£ p o p u la t io n  by 
tw o  o th e r  w o r k e r s ,  in  s e p a r a t e  s t u d i e s .
A more d e t a i l e d  d e s c r i p t i o n  of th e  c h a r a c t e r s  s tu d i e d  and  
th e i r  m anner  of s tu d y  i s  p r e s e n t e d  b e l o w .
S p lk e le t  l e n g t h . This  i s  d e f in e d  a s  t h e  d i s t a n c e ,  in  m i l l i ­
m e t e r s ,  from th e  t ip  of th e  a p i c u lu s  t o  t h e  po in t  b e lo w  th e  g lu m e s  
w h e re  th e  s p i k e l e t  d i s a r t i c u l a t e s  from th e  p e d i c e l .  Two l o t s  of 
t e n  s p i k e l e t s  e a c h  w e re  random ly  s e l e c t e d  f romjthe  s e e d  of e ac h  
p l a n t .  H o w ev e r ,  on ly  h e a l th y  normal  s p i k e l e t s  w e re  in c lu d e d  in 
t h e  random  s e l e c t i o n — t h o s e  s p i k e l e t s  w h ic h  w e r e  m alform ed,  
d i s e a s e d  or  s t e r i l e  w e r e  not in c lu d e d  in  th e  s e l e c t i o n .  The t e n  
s p i k e l e t s  in  e a c h  lo t  w e r e  p l a c e d  e n d  to  e n d ,  w i th  t h e  a p i c u l u s  of 
e a c h  s p i k e l e t  t o u c h in g  th e  point  be low  t h e  g lum e of th e  nex t
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s p i k e l e t ,  on  a  sm a l l  w o o d e n  s l a t ,  in  a  s h a l lo w  g r o o v e ,  and  th e n  
m e a su re d  w i th  a  m etr ic  r u l e r .  In t h o s e  p l a n t s  w h ic h  h a d  p u b e s c e n t  
s p i k e l e t s , t h e  s p i k e l e t s  w e r e  f i r s t  rubbed  to g e t h e r  g e n t ly  in  th e  palm 
of t h e  h a n d  to  rem ove  th e  p u b e s c e n c e ,  w h ic h  w ou ld  o t h e r w i s e  i n t e r ­
fere  w i th  t h e  e n d  to  e n d  p l a c e m e n t  of s p i k e l e t s  to  be  m e a s u r e d .  This  
w a s  n e c e s s a r y  in  o rd e r  t o  o b ta in  uniform a c c u r a t e  clata on s p i k e l e t  
d i m e n s i o n s ,  u n in f lu e n c e d  by  t h e  p u b e s c e n t  or g l a b r o u s  c o n d i t io n  of 
t h e  s p i k e l e t s .  The t o t a l  l en g th  of e a c h  lo t  of 10 s p i k e l e t s  w a s  
d iv id e d  by 1 0  to  o b t a in  t h e  a v e r a g e  leng th  of t h e  s p i k e l e t s  in  each  
l o t .  The a v e r a g e  m e a s u r e s  of th e  tw o  lo t s  of 10 s p i k e l e t s  e a c h  w e r e  
t h e n  a v e r a g e d  to  o b ta in  t h e  a v e r a g e  s p i k e l e t  l e n g th  for e a c h  p lan t  
s t u d i e d .
S p ik e le t  l en g th  m e a su re m e n ts  w e r e  d e te rm in e d  for 52 C o l u s a  
p a ren t  p l a n t s ,  59 Nira  p a ren t  p l a n t s ,  7 Fj  ^ p l a n t s  a n d  399 F 2  p l a n t s ;
213 p l a n t s  w e re  from among t h o s e  h a r v e s t e d  on  S e p tem b er  4 ,  20 
p l a n t s  w e r e  from among t h o s e  h a r v e s t e d  on S e p te m b e r  9 ,  a n d  166 
p l a n t s  w e re  from among t h o s e  h a r v e s t e d  on  S e p tem b er  2 9 .  A s tudy  of 
th e  i n h e r i t a n c e  of s p i k e l e t  l e n g th  w a s  c o n d u c t e d ,  w h ic h  c o n s i s t e d  of 
an  e s t im a t i o n  of th e  number  of g e n e s  d i f f e r e n t i a t in g  th e  p a r e n t s  an d  
th e  h e r i t a b i l i t y  of t h i s  c h a r a c t e r .
S p ik e le t  b r e a d t h . This  i s  d e f in e d  a s  t h e  l o n g e s t  d i s t a n c e ,  in  
m i l l i m e t e r s , from th e  midrib of  th e  lemma to  t h e  k e e l  of th e  p a l e a — 
in  o th e r  w o r d s ,  t h e  l o n g e s t  d i s t a n c e  of  th e  d o r s iv e n t r a l  a x i s  in  th e  
s p i k e l e t .  The sam e  two lo t s  of t e n  s p i k e l e t s  e a c h ,  u s e d  for m easu r ing
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s p i k e l e t  l e n g t h ,  w e r e  u s e d  for m ea su r in g  s p i k e l e t  b r e a d t h .  The 10 
s p i k e l e t s  of e a c h  lo t  w e r e  p l a c e d  on  a f l a t  pa r t  of t h e  w o o d e n  s l a t ,  
s i d e  by  s i d e ,  w i th  t h e  k e e l  of e a c h  s p i k e l e t  p a l e a  t o u c h in g  t h e  midrib 
of t h e  lemma of  t h e  nex t  s p i k e l e t ,  and  t h e n  m e a su re d  w i th  a  m etr ic  
r u l e r .  The a v e r a g e  s p i k e l e t  b re a d th  for e a c h  p la n t  w a s  t h e n  o b ta in e d  
in  t h e  s a m e  m anner  a s  w a s  a v e r a g e  s p i k e l e t  l e n g t h .
S p ik e le t  b rea d th  m e a s u r e m e n ts  w e r e  d e te rm in e d  for 52 C o l u s a  
p a re n t  p l a n t s ,  59 Nira  p a re n t  p l a n t s ,  7 p l a n t s  a n d  399 F2  p l a n t s .
A s tu d y  of t h e  i n h e r i t a n c e  of  s p i k e l e t  b re a d th  w a s  c o n d u c t e d ,  w h ic h  
c o n s i s t e d  of a n  e s t im a t i o n  of t h e  number  of  g e n e s  d i f f e r e n t i a t in g  th e  
p a r e n t s  and  t h e  h e r i t a b i l i t y  of t h i s  c h a r a c t e r .
P a n ic l e  l e n g t h . This  i s  d e f in e d  a s  t h e  d i s t a n c e ,  in  c e n t i m e t e r s ,  
from t h e  up p e rm o s t  node  of  th e  cu lm  to  t h e  t ip  of  th e  u pperm os t  
s p i k e l e t —t h e  node  r e fe r r e d  t o ,  i s  t h a t  a t  w h ic h  th e  f i r s t  r a c h i s  of  t h e  
p a n ic l e  i s  c o n n e c t e d .  The l o n g e s t  p a n ic l e  in  e a c h  p lan t  w a s  s e l e c t e d  
an d  m e a s u re d  a s  it  w a s  a s s u m e d  t h a t  t h i s  w a s  t h e  p a n i c l e  c o r r e s p o n d ­
ing to  t h e  pr imary  t i l l e r  of e a c h  p l a n t .  The p a n i c l e  to  b e  m e a su re d  
w a s  p l a c e d  on  a one  m ete r  ru l e r ,  s t r e t c h e d  t o  i t s  fu l l  l e n g t h ,  w i th  th e  
u pp e rm o s t  node  of t h e  cu lm  a t  t h e  0 . 0 0  c m .  p o s i t i o n ,  a n d  th en  
m e a s u re d  to  t h e  n e a r e s t  m i l l im e te r .
P a n ic l e  l e n g th  m e a s u r e m e n t s  w e re  o b t a i n e d  for 60 C o l u s a  p a ren t  
p l a n t s ,  59 N ira  p a re n t  p l a n t s  a n d  946 F2  p l a n t s .  It w a s  not p o s s i b l e  
t o  o b ta in  m e a su re m e n ts  on  F j  p l a n t s .  A s tu d y  o f  th e  i n h e r i t a n c e  of
45
p a n ic l e  l en g th  w a s  c o n d u c t e d ,  w h ic h  c o n s i s t e d  of an  e s t im a t i o n  of th e  
number of g e n e s  d i f f e r e n t i a t in g  t h e  p a r e n t s  a n d  t h e  h e r i t a b i l i t y  of t h i s  
c h a r a c t e r .
W e ig h t  pe r  100 s p i k e l e t s .  This  i s  d e f in e d  a s  th e  y e i g h t ,  in  
g r a m s ,  of 1 0 0  fu l l  and  normal  s p i k e l e t s ,  s e l e c t e d  a t  random from th e  
s e e d  of e a c h  p l a n t .  S p i k e l e t s  t h a t  w e re  d a m a g e d ,  de fo rm ed  th rough  
d i s e a s e  or o t h e r w i s e ,  a nd  s t e r i l e  or em pty  w e re  e x c lu d e d  from th e  
random  s e l e c t i o n .  The 100 s p i k e l e t s  w e r e  p l a c e d  on a " t r ip le  beam  
p la t fo rm "  b a l a n c e  a n d  t h e  w e ig h t  w a s  r e a d  off in  g r a m s ,  to  t h e  n e a r e s t  
t e n th  of a g ram .
W e i g h t s  pe r  100 s p i k e l e t s  w e r e  o b t a i n e d  for 52 C o l u s a  p a ren t  
p l a n t s ,  58 Nira  p a re n t  p l a n t s ,  7 p l a n t s  a n d  399 F 2  p l a n t s .  The 
s a m e  p l a n t s  t h a t  w e r e  u s e d  to  o b t a i n  g r a in  d im e n s io n  m e a su re m e n ts  
w e r e  a l s o  u s e d  to  o b ta in  m e a s u r e m e n t s  on  w e i g h t .  No g e n ic  a n a l y s i s  
w a s  m ade  of  t h i s  c h a r a c t e r .  The d a t a  o n  t h i s  c h a r a c t e r  a re  p r e s e n t e d  
and  d i s c u s s e d  in  a g e n e r a l  m ann e r .
Number of s p i k e l e t s  p e r  p a n i c l e .  This  i s  d e f in e d  a s  t h e  a v e r a g e  
number  of s p i k e l e t s  per  p a n i c l e  in  e a c h  p l a n t .  All t h e  s p i k e l e t s  of 
e a c h  p la n t  m e a s u r e d ,  t h o s e  t h a t  w e re  m al fo rm ed ,  d i s e a s e d  or s t e r i l e ,  
w e r e  i n c l u d e d  in  t h e  c o u n t .  H o w e v e r ,  on ly  t h o s e  p l a n t s ,  in  t h e  F 2  
a n d  in  th e  p a r e n t s ,  w h ic h  h ad  t h r e e  or more p a n i c l e s  w e re  u s e d  to  
m e a su re  t h i s  c h a r a c t e r .  The t o t a l  number  of  s p i k e l e t s  from a  p lan t  
w a s  d iv id e d  to  o b ta in  t h e  a v e r a g e  num ber  of s p i k e l e t s  per  p a n i c l e  per  
p l a n t .
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M e a s u r e m e n t s  on  t h e  num ber  of  s p i k e l e t s  p e r  p a n i c l e  w e r e  
o b t a i n e d  for 25 C o l u s a  p a re n t  p l a n t s ,  25 N ira  p a re n t  p l a n t s  a n d  101 
F 2  p l a n t s ;  30 of t h e  F 2  p l a n t s  w e r e  s e l e c t e d  from among t h o s e  
h a r v e s t e d  S e p te m b e r  4 ,  2 0  p l a n t s  from among t h o s e  h a r v e s t e d  
S e p te m b e r  9 a nd  51 from among t h o s e  h a r v e s t e d  S e p te m b e r  2 9 .  It 
w a s  not  p o s s i b l e  t o  o b t a in  d a t a  for t h e  F j  p o p u l a t i o n .  No g e n i c  
a n a l y s i s  w a s  m ade  of t h i s  c h a r a c t e r .  D a ta  on  t h i s  c h a r a c t e r  a re  
p r e s e n t e d  a nd  d i s c u s s e d  in  a g e n e r a l  m an n e r .
P e r c e n t a g e  s t e r i l i t y . This  i s  d e f in e d  a s  t h e  p e r c e n t a g e  of t o t a l  
s p i k e l e t s  per  p l a n t  t h a t  w e r e  e i t h e r  s t e r i l e  or e m p ty .  No a t t e m p t  w a s  
made to  s e p a r a t e  t h e  s t e r i l e  or em pty  s p i k e l e t s  a c c o rd in g  to  t h e  n a tu re  
o f  t h e i r  s t e r i l i t y .  H o w e v e r ,  t h o s e  p a n i c l e s  w h ic h  c o n ta in e d  no th ing  
bu t  s t e r i l e  s p i k e l e t s  d u e  to  d i s e a s e  or i n s e c t  d a m a g e  w e r e  d i s c a r d e d
1
a n d  not t h r e s h e d  a n d  w e r e  t h u s  not  i n c l u d e d  in  t h e  m e a s u r e m e n t s  of 
p e r c e n t a g e  s t e r i l i t y .
P e r c e n t a g e  s t e r i l i t y  m e a s u r e m e n t s  w e r e  o b t a in e d  for 25 C o l u s a  
p a re n t  p l a n t s ,  25 Nira  p a re n t  p l a n t s  and  101 F 2  p l a n t s .  T h e s e  w e re  
th e  s a m e  p l a n t s  t h a t  w e r e  u s e d  to  o b t a in  m e a s u r e m e n ts  for number  of 
s p i k e l e t s  per  p a n i c l e .  No g e n i c  a n a l y s i s  w a s  m ade  of t h i s  c h a r a c t e r .  
D a ta  a r e  p r e s e n t e d  a n d  d i s c u s s e d  in  a  g e n e r a l  m anner .
D a te  of h a r v e s t .  This  i s  d e f in e d  a s  b e in g  e i t h e r  S e p te m b e r  4 ,  
S e p te m b e r  9 or  S e p te m b e r  2 6 ,  1963, to  d i s t i n g u i s h  t h o s e  p l a n t s  w h ic h  
m atured  e a r l y ,  abou t  t h e  sa m e  t im e  a s  C o l u s a ,  from t h o s e  p l a n t s
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w h ic h  m atu red  l a t e r ,  a bou t  th e  sa m e  t im e  a s  N i ra .  This  c h a r a c t e r  
w a s  u s e d  only  in  th e  c o m p u ta t io n s  of c o r r e l a t io n  c o e f f i c i e n t s  to  find 
out if  t h e r e  w a s  any  s i z e a b l e  a s s o c i a t i o n  b e tw e e n  t h e  r e l a t i v e  t im e  
of m atur i ty  a n d  t h e  s p i k e l e t  d i m e n s i o n s .
A s s o c ia t i o n  s t u d i e s . As s p i k e l e t  l en g th  a nd  s p i k e l e t  b rea d th  
a r e  th e  c h a r a c t e r s  s tu d i e d  most  I n t e n s i v e l y ,  t h e i r  p o s s i b l e  a s s o c i a ­
t i o n s  w i th  e a c h  o th e r  a nd  w i th  d a t e  of h a r v e s t  w e r e  i n v e s t i g a t e d .
Their  p o s s i b l e  r e l a t i o n s h i p  w i th  tw o  o th e r  c h a r a c t e r s ,  a l k a l i - d i g e s t i o n  
i n d e x  a n d  i o d i n e - b l u e  t r a n s m i s s i o n  v a lu e  w a s  a l s o  i n v e s t i g a t e d .
T h e s e  two t r a i t s  w e r e  s t u d i e d  by a n o th e r  w o rk e r  in  t h e  sa m e  p o p u l a ­
t i o n s  a s  w e r e  u s e d  in  t h i s  s t u d y .  In  a d d i t i o n ,  t h e  p o s s i b l e  r e l a t i o n ­
s h ip  b e tw e e n  p a n i c l e  l en g th  a n d  p lan t  h e ig h t  w a s  a l s o  i n v e s t i g a t e d .  
The p la n t  h e ig h t  d a t a  a l s o  c am e  from a n o th e r  w o r k e r ,  w h o  a l s o  u s e d  
th e  s a m e  p o p u la t i o n s  for h i s  s tu d y  on  t h i s  t r a i t .
The s t u d i e s  for p o s s i b l e  a s s o c i a t i o n s  b e tw e e n  t h e  a b o v e  t r a i t s  
w e re  made by c a l c u l a t i n g  th e  s im p le  c o r r e l a t io n  c o e f f i c i e n t  for e ac h  
of t h e  c o m b in a t io n s  of c h a r a c t e r s .  The s im p le  c o r r e l a t io n  c o e f f i c i e n t  
i s  in  r e a l i t y  t h e  p h e n o ty p ic  c o r r e l a t io n  c o e f f i c i e n t  a n d  i t  i s  re fe r red  
to  a s  s u c h ,  to  d i s t i n g u i s h  it  from t h e  g e n e t i c  c o r r e l a t i o n s  t h a t  w e r e  
a l s o  d e te r m in e d .
P h e n o ty p ic  c o r r e l a t io n  c o e f f i c i e n t s  w e r e  d e te rm in e d  for th e  
fo l low ing  c o m b in a t io n s  o f  t r a i t s :
1) S p ik e le t  l en g th  a n d  s p i k e l e t  b r e a d t h .
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2) S p ik e le t  l eng th  a n d  d a t e  of h a r v e s t .
3) S p ik e le t  b rea d th  and  d a t e  of  h a r v e s t .
4) S p ik e le t  l eng th  a n d  a l k a l i - d l g e s t i o n  i n d e x .
5) S p i k e l e t  l eng th  a n d  i o d i n e - b l u e  t r a n s m i s s i o n  v a l u e .
6 ) S p i k e l e t  b re a d th  and  a l k a l i - d l g e s t i o n  i n d e x .
7) S p i k e l e t  b r e a d th  a nd  i o d i n e - b l u e  t r a n s m i s s i o n  v a l u e .
8 ) P a n ic l e  l e n g th  a n d  p la n t  h e ig h t .
Upon ex am in in g  t h e  o b ta in e d  p h e n o ty p ic  c o r r e l a t i o n  c o e f f i c i e n t s ,  
it  w a s  d e c i d e d  to  i n v e s t i g a t e  tw o  of t h e  more o b v io u s  a p p a r e n t  a s s o c i a ­
t i o n s  by c a l c u l a t i n g  t h e i r  g e n e t i c  c o r r e l a t io n  c o e f f i c i e n t s . The g e n e t i c  
c o r r e l a t io n  c o e f f i c i e n t  w a s  d e te rm in e d  for th e  tw o  fo l low ing  c o m b i n a ­
t i o n s  of t r a i t s :
1) S p ik e le t  l en g th  a n d  s p i k e l e t  b r e a d t h .
2) P a n ic l e  l e n g th  a n d  p la n t  h e ig h t .
The g e n e t i c  c o r r e l a t io n  c o e f f i c i e n t s  w e r e  d e te rm in e d  by u s ing  
th e  fo l low ing  fo rm ula :
C o v . ( x . y ) F 2  -  V 2 ( C o v . ( x . y ) P j  + C o v . ( x . y ) P 2)
V^Tar. (x)F2 -  V2(Var. (x)Pj  ^+ Var. (x)P2)7 ' z ^ a r . (y)F2 -  V2(Var. (y)P j + 
y /  Var.(y)P
C o v . ( x . y )  r e f e r s  t o  t h e  c o v a r i a n c e  b e tw e e n  t h e  tw o  v a r i a b l e s  
(x) and  (y).
Var . (x )  a n d  Var.(y)  refe r  to  t h e  v a r i a n c e s  of t h e  v a r i a b l e s  (x) 
a n d  ( y ) .
F2  i s  th e  s u b s c r i p t  d e s ig n a t in g  t h e  v a r i a n c e  or c o v a r i a n c e  of 
t h e  ? 2  p o p u l a t i o n .
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a n d  ?2 a re  t i^e  s u b s c r i p t s  d e s i g n a t in g  th e  c o v a r i a n c e s  and  
v a r i a n c e s  of e a c h  o f  t h e  p a re n t  p o p u l a t i o n s .
The a v e r a g e  c o v a r i a n c e s  of t h e  p a r e n t s  a n d  t h e  a v e r a g e  v a r i a n c e s  
of t h e  p a r e n t s  w e r e  u s e d  in  t h e  formula a s  e s t i m a t e s  of t h o s e  p o r t io n s  
of t h e  F 2  v a r i a n c e s  a n d  c o v a r i a n c e  due  t o  e n v i ro n m e n ta l  v a r i a t i o n .  The 
F} v a r i a n c e s  an d  c o v a r i a n c e s  w e r e  not  u s e d  for t h i s  p u rp o s e  a s  th ey  
w e r e  found to  b e  som e w h a t  u n r e l i a b l e  an d  b e c a u s e  su ch  d a t a  w e r e  not 
a v a i l a b l e  for som e of t h e  t r a i t s .
RESULTS AND DISCUSSION
S p ik e le t  Length
S p ik e le t  l en g th  i s  d e s c r i b e d  a s  t h e  d i s t a n c e ,  in  m i l l im e te r s ,  
from th e  t i p  of t h e  a p i c u l u s  t o  th e  po in t  be low  t h e  g lu m e s  w h e r e  t h e  
s p i k e l e t  d i s a r t i c u l a t e s  from t h e  p e d i c e l .  T h is  c h a r a c t e r  w a s  
m e a s u re d  in  52 C o l u s a  v a r i e ty  p l a n t s ,  59 Nira  v a r i e ty  p l a n t s ,  7 
F} p l a n t s  a n d  399 F 2  p l a n t s .  T a b le  1 p r e s e n t s  th e  f r e q u e n c y  d i s ­
t r ib u t io n  o f  s p i k e l e t  l e n g th s  for t h e  p a re n t  v a r i e t i e s ,  F^ an d  F 2 * 
T ab le  2 g i v e s  t h e  ran g e  of  m e a s u r e m e n t s ,  m ean ,  v a r i a n c e  and  
c o e f f i c i e n t  of v a r i a t i o n  for t h e  p a r e n t ,  F^ a n d  F 2  p o p u l a t i o n s .
The C o l u s a  p a ren t  p l a n t s  u s e d  in  t h i s  s tu d y  w e re  g row n  a t  th e  
s a m e  t im e  a s  t h e  F 2 , in  a n  a d jo in in g  f i e l d ,  a t  th e  L o u is ia n a  Rice 
E xper iment  S t a t i o n  a t  C r o w le y ,  La.  The m e a s u r e m e n ts  o f  s p i k e l e t  
l e n g th  in  t h e  52 C o l u s a  p l a n t s  r a n g e d  from 7 . 4 0  mm. to  7 . 8 3  m m . , 
w i th  a  m ean  of  7 . 5 7  mm. The c o e f f i c i e n t  of v a r i a t i o n  w a s  1 .2 3 % ,  
The rang e  of v a r i a t i o n  among th e  C o l u s a  p l a n t s  of only  0 .4 3  mm. 
a n d  th e  r e l a t i v e l y  low c o e f f i c i e n t  of v a r i a t i o n  of only  1 .2 3 % ,  i n d i ­
c a t e d  t h a t  t h e  C o l u s a  p a re n t  v a r i e ty  w a s  hom o zyg o us  for  s p i k e l e t  
l e n g th  a nd  t h a t  t h i s  c h a r a c t e r  w a s  in f lu e n c e d  to  on ly  a  s m a l l  d e g re e  
by  e n v i ro n m en t .
The Nira  p a re n t  p l a n t s  u s e d  in  t h i s  s tudy  w e r e  grown in  a  row 
a d j a c e n t  to  th e  C o l u s a  p l a n t s .  The m e a s u r e m e n t s  of s p i k e l e t  l en g th
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in  th e  59 N ira  p l a n t s  r a n g e d  from 9 . 8 3  mm. to  10 .83  m m . , w i th  a m ean  
s p i k e l e t  l e n g th  of  10 .15  mm. The c o e f f i c i e n t  o f  v a r i a t i o n  w a s  1 .7 8 % .  
The ra n g e  of v a r i a t i o n  among t h e  N ira  p l a n t s  of on ly  1 .0  mm. a n d  
t h e  r e l a t i v e l y  low c o e f f i c i e n t  of  v a r i a t i o n  of  1 .7 8 % ,  i n d i c a t e d  t h a t  
t h e  Nira  p a re n t  v a r i e ty  w a s  a l s o  h o m o zy g o u s  for s p i k e l e t  l e n g th  and  
t h a t  on ly  a  r e l a t i v e l y  s m a l l  d e g r e e  of v a r i a t i o n  w a s  c a u s e d  by e n v i r o n -  
m en ta l  e f f e c t s .
The r a n g e  of  v a r i a t i o n  in  N ira  w a s  1 .0  m m . ,  t w i c e  a s  much a s  
t h a t  in  t h e  C o l u s a  p o p u l a t i o n .  H o w e v e r ,  t h i s  g r e a t e r  r a n g e  w a s  not 
r e f l e c t e d  in  i t s  c o e f f i c i e n t  of v a r i a t i o n ,  w h ic h  w a s  1 .7 8 % .  C o l u s a  
h a s  a  c o e f f i c i e n t  o f  v a r i a t i o n  of  1 .2 3 % .  Both c o e f f i c i e n t s  of v a r i a t i o n  
w e r e  a c c e p t a b l y  s m a l l  e n ough  to  h a v e  b e e n  c a u s e d  by  o rd in a ry  e n v i r o n ­
m en ta l  e f f e c t s  a n d  t h e  sm a l l  d i f f e r e n c e  b e t w e e n  th em  c a n  b e  a s s u m e d  
to  h a v e  b e e n  d ue  t o  c h a n c e  v a r i a t i o n .
G iv in g  a n  i n d i c a t i o n  of t h e  w id e  g e n e t i c a l  d i f f e r e n c e  b e tw e e n  
N ira  a nd  C o l u s a  in  s p i k e l e t  l eng th  w a s  t h e i r  m ea n  d i f f e r e n c e  of 
2 . 5 8  mm. This  m ean  d i f f e r e n c e  w a s  found to  b e  h ig h ly  s i g n i f i c a n t — 
t h e r e  w a s  a  99% p ro b a b i l i ty  t h a t  t h e  m ean  d i f f e r e n c e  o b t a i n e d  w a s  
c a u s e d  by a d i f f e r e n c e  in  g e n o t y p e s  r a th e r  t h a n  by  c h a n c e  e f f e c t s .
It  w a s  c o n c l u d e d  t h a t  t h e  C o l u s a  and  N ira  p a r e n t  v a r i e t i e s  d id  d i f fe r  
g e n e t i c a l l y  in  s p i k e l e t  l e n g th  by a p p ro x im a te ly  2 . 5 8  mm.
The s p i k e l e t  l en g th  m e a s u r e m e n ts  among th e  7 F j  p l a n t s  
r a n g e d  from 7 . 9 3  mm. to  8 . 4 0  m m . , w i th  a  m ean  s p i k e l e t  l e n g th
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of 8 .18  mm. D e s p i t e  t h e  s m a l l  num ber  of p l a n t s  c o m p r i s in g  t h e  F i  
p o p u l a t i o n ,  t h e  c o e f f i c i e n t  of v a r i a t i o n  w a s  a r e l a t i v e l y  low 2 .1 7 % .  
The m ean  o f  8 .18 mm. w a s  c o n s i d e r a b l y  be lo w  t h e  a r i t h m e t i c  
_ a v e r a g e  o f  t h e  p a r e n t s ,  w h ic h  w a s  8 . 8 6  mm. T h e s e  d a t a  s u g g e s t  
t h a t  t h e  g e n e s  c o n t r o l l i n g  sho r t  s p i k e l e t  l e n g th  w e r e  p a r t i a l l y  do m inan t  
o v e r  t h e  g e n e s  c o n t ro l l in g  long s p i k e l e t  l e n g t h — h o w e v e r ,  t h i s  m arked  
d i f f e r e n c e  b e t w e e n  t h e  F^ and  a r i t h m e t i c  a v e r a g e  of t h e  p a r e n t s  m igh t ,  
i n  t h i s  c a s e ,  h a v e  b e e n  c a u s e d  by t h e  d i f f e ren t  e n v i ro n m e n ta l  c o n d i ­
t i o n s  unde r  w h ic h  t h e  p a r e n t s  a n d  F^ w e r e  g ro w n .  The F} p l a n t s  w e r e  
g row n  in  t h e  g r e e n h o u s e  during t h e  w i n t e r  a n d  e a r ly  sp r in g  a t  Baton 
R ou g e ,  w h i l e  t h e  p a re n t  v a r i e ty  p l a n t s  w e r e  g ro w n  in  t h e  f ie ld  a t  
C ro w le y  du r ing  t h e  norm al  g row ing  s e a s o n  of sum m er .  It i s  p o s s i b l e  
t h a t  t h e  d e c i d e d l y  d i f f e ren t  e nv iro n m en t  of t h e  g r e e n h o u s e  a f f e c t e d  
t h e  F j  p l a n t s  i n  s u c h  a  m anner  t h a t  t h e  s p i k e l e t s  b e c a m e  s h o r te r  
t h a n  th e y  w o u ld  h a v e  b e e n  under  normal  f i e ld  c o n d i t i o n s .  In  a d d i ­
t i o n ,  t h e r e  i s  a l s o  t h e  p o s s i b i l i t y  th a t  t h e  p o p u la t io n s  g row n a s  
p a r e n t s  w e r e  not  g e n e t i c a l l y  r e p r e s e n t a t i v e  of t h e  p a re n t  p l a n t s  
w h ic h  h a d  b e e n  u s e d  in  th e  o r ig in a l  c r o s s ,  a s  w a s  p o in te d  out 
u n d e r  t h e  M a t e r i a l s  a n d  M e th o d s  s e c t i o n .  The c o n c l u s i o n  w a s  
t h u s  r e a c h e d  t h a t  it  c o u ld  not b e  d e te rm in e d  w h e t h e r  t h e  d e v ia t i o n  
o f  t h e  Fj  ^ from t h e  m ean  of th e  p a r e n t s  w a s  due  to  d o m in a n c e  or 
o th e r  c a u s e s .
The s p i k e l e t  l e n g th  m e a s u r e m e n ts  for  t h e  399 F 2  p l a n t s  
t e s t e d  v a r i e d  from 7 . 6 8  mm. to  1 0 .25  mm. , w i th  a  m ean  s p i k e l e t
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leng th  of 8 . 7 4  mm. The c o e f f i c i e n t  of v a r i a t i o n  w a s  5 .4 8 % .  C o m ­
p a r i s o n  of  t h e  c o e f f i c i e n t  of v a r i a t i o n  for  t h e  F 2  w i th  t h o s e  of t h e  
p a r e n t s  i i n d i c a t e s  g e n e t i c  s e g r e g a t i o n  for s p i k e l e t  l en g th  in  t h i s  F 2  
p o p u l a t i o n .
As c a n  b e  s e e n  from th e  f r eq u en cy  d i s t r i b u t i o n  in  T ab le  1 and  
from t h e  f r e q u e n c y  c u rv e  in  Figure  1, t h e r e  w a s  a  c o n t i n u o u s  v a r i a t i o n  
of s p i k e l e t  l e n g th  i n  th e  F g , rang ing  w i th o u t  i n t e r ru p t io n  from t h e  
s h o r t e s t  m e a s u re m e n t  of 7 . 6 8  mm. to  th e  l o n g e s t  m e a su re m e n t  of  
10 .25  mm. There  w e r e  no d i s t i n c t  c l a s s e s  in to  w h ic h  t h e  s p i k e l e t  
l en g th  m e a s u r e m e n ts  c o u ld  b e  f i t t e d .  The F 2  f r eq u e n cy  cu rv e  w a s  
e s s e n t i a l l y  n o rm a l ,  w i th  no a p p a r e n t  s k e w n e s s — i t s  m odal  c l a s s  of 
8 . 8 0  mm. w a s  i n te r m e d ia t e  b e tw e e n  t h e  low er  a n d  upp e r  e x t r e m e s  of 
th e  d i s t r i b u t i o n  a n d  th e  F 2  m ean  of 8 . 7 4  mm. w a s  found to  be  w i th in  i t .
In  r e l a t i o n  t o  t h e  p a re n t  v a r i e t i e s ,  i t  w a s  found t h a t  th e  ? 2  mean 
w a s  on ly  0 . 1 2  mm. l e s s  t h a n  t h e  a r i th m e t ic  a v e r a g e  of t h e  p a re n t  
m e a n s . and  th a t  t h i s  mean of t h e  p a re n t s  w a s  a l s o  found to  be  w i th in  
t h e  m odal  c l a s s  of 8 . 8 0  mm.
The F 2  s p i k e l e t  l en g th  f r eq u e n cy  c u rv e  sh o w e d  no t r a n s g r e s s i v e  
s e g r e g a t i o n ,  a t  e i t h e r  t h e  shor t  or long s p i k e l e t  l e n g th  e x t r e m e s .
T here  w e r e  9 F 2  p l a n t s  in  s p i k e l e t  l en g th  c l a s s e s  c o v e r e d  by th e  
C o l u s a  p a re n t  r a n g e ,  a n d  19 F 2  p l a n t s  in  c l a s s e s  c o v e r e d  by t h e  Nira 
p a re n t  r a n g e .  H o w e v e r ,  t h e  F 2  d id  not h a v e  th e  e x t r e m e s  of ra n g e  
sho w n  by  th e  in d iv id u a l  p l a n t s  of th e  p a r e n t s .
Although It w a s  not p o s s i b l e  to  d e te rm in e  d e f i n i t e l y ,  t h e  d a ta  
for th e  F2  and  p a ren t  v a r i e t i e s  s u g g e s t  s t ro n g ly  t h a t  th e  p a re n t  p o p u l a ­
t io n s ,  i n c l u d e d  in  th e  s tu d y  rftpre.spnt*t-i\/p r v f ^ b p - g p n p t y p ^  nf thei 
a c t u a l  p a re n t  p l a n t s  w h ic h  w e r e  u s e d  in  th e  o r ig in a l  c r o s s  a n d  can  be  
u t i l i z e d  r e l i a b ly  a s  p a r e n t a l  p o p u la t i o n s  in  g e n e t i c  a n a l y s e s  of s p i k e l e t  
l e n g t h .  For e x a m p le ,  th e  mean  of th e  F 2  d id  not  d i f fe r  a p p r e c i a b ly  from 
th e  a v e r a g e  of  th e  p a r e n t s . T h is  w o u ld  h a v e  b e e n  a n  im pro bab le  c o i n ­
c i d e n c e  if  one  of th e  p a re n t  p l a n t s  of th e  o r ig in a l  c r o s s  h a d  d i f fe red  
a p p r e c i a b ly  from th e  p a r e n t a l  p o p u la t io n  grown in  t h i s  s t u d y . That th e  
F 2  r an g e  w a s  a c t u a l l y  i n te r m e d ia t e  b e tw e e n  the  p a re n t  r a n g e s ,  th a t  the  
F 2  m ean  w a s  a lm o s t  t h e  sam e  a s  t h e  m ean  of t h e  p a re n t s  a nd  th e  fac t  
t h a t  a p p ro x im a te ly  th e  sam e  number  of F 2  p l a n t s  w e r e  w i t h in  th e  rang e  
of e a c h  p a re n t  v a r i e ty  p o p u la t i o n  i s  e v id e n c e  t h a t  t h e  F 2  w a s  d e r iv e d  
from p a re n t  p l a n t s  w h ic h  w e re  p rob ab ly  i d e n t i c a l  g e n e t i c a l l y  to  t h o s e  
grown in  th e  s tu d y  a s  p a re n t  p o p u l a t i o n s .
Although th e  d i f f e re n c e  of 0. 12 mm. b e tw e e n  th e  F 2  m ean  of 
8 . 7 4  mm. and  t h e  a r i th m e t ic  a v e r a g e  of t h e  p a re n t s  of 8 . 8 6  mm. w a s  
h ig h ly  s i g n i f i c a n t ,  t h i s  d i f f e re n c e  w a s  very  sm a l l  and  i t s  i n t e r p r e t a t i o n  
i s  u n c e r t a i n .  C o n s e q u e n t l y ,  i t  i s  c o n c l u d e d  from t h e s e  d a ta  t h a t ,  
from t h e  p r a c t i c a l  v i e w p o in t ,  t h e r e  w a s  a n  a b s e n c e  of d o m in a n ce  for 
s p i k e l e t  l e n g t h .  Fur ther  e v id e n c e  su p p o r t in g  t h i s  c o n c l u s i o n  w a s  t h a t  
t h e  F 2  f r e q u e n c y  cu rve  s h a p e  w a s  normal  a nd  t h a t  th e  F 2  modal f requ en cy  
c l a s s  of  8 . 8 0  mm. c o n ta in e d  bo th  th e  F 2  m ean  an d  th e  m ean  of the  
p a r e n t s .
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On t h e  b a s i s  of t h e  normal  ?2 f r eq u e n cy  cu rv e  a n d  t h e  c o n t in u o u s  
s p i k e l e t  l en g th  v a r i a t i o n  in  t h e  F 2  i t  w a s  c o n c l u d e d  t h a t  in  t h i s  c r o s s  
s p i k e l e t  l en g th  w a s  a  t y p i c a l  q u a n t i t a t i v e  c h a r a c t e r  g o v e rn e d  by 
s e v e r a l  p a i r s  O f - g e n e s , e a c h  w i th  a  sm a l l  e f f e c t  on  t h e  e x p r e s s i o n  
of t h i s  c h a r a c t e r .
m
Two e s t i m a t e s  w e r e  u s e d  to  o b t a i n  i n d i c a t i o n s  on  t h e  num ber  of 
g e n e s  d i f f e r e n t i a t i n g  t h e  p a re n t s  for s p i k e l e t  l e n g t h — one  b a s e d  on  t h e  
s o - c a l l e d  " C a s t l e - W r i g h t "  formula  a n d  t h e  o th e r  on th e  a p p a r e n t  f r e ­
q u e n c y  o f  hom ozygous  p a re n t  g e n o ty p e  r e c o v e r i e s  in  t h e  F 2  •
In t h e  f i r s t  m e th o d ,  th e  C a s t l e - W r i g h t  fo rm ula ,  t h e  number  of
g e n e s  i s  e s t i m a t e d  to  b e  e q u a l  t o  D 2 / 8 ( s 2 F 2  -  s 2 F j ) ,  w h e r e  D r e p r e s e n t s
t h e  m ean  d i f f e r e n c e  of t h e  p a r e n t s ,  s  F^ r e p r e s e n t s  t h e  v a r i a n c e  of t h e
F j  a nd  a n  e s t i m a t e  of th e  e n v i ro n m e n ta l  v a r i a n c e  in  F 2  a n d  s ^ F 2  r e p r e -
2 2s e n t s  t h e  t o t a l  v a r i a n c e  of t h e  F 2  a n d  (s F 2  -  s  F j )  r e p r e s e n t s  t h a t  
po r t ion  of t h e  t o t a l  F 2  v a r i a n c e  due  t o  g e n e t i c  v a r i a t i o n .  In u s in g  
t h i s  fo rm u la ,  i t  m ust  be  k e p t  in  mind th a t  it  o n l y  g i v e s  a n  e s t im a t e  
of t h e  minimum number of g e n e  p a i r s  t h a t  a r e  s e g r e g a t in g  in  th e  F2 .
As th e  r e l i a b i l i t y  of th e  F^ r e s u l t s  w a s  so m e w h a t  u n c e r t a i n ,  t h e  
a v e r a g e  v a r i a n c e  of t h e  p a r e n t s  w a s  u s e d  a s  t h e  e s t i m a t e  of t h e  
e n v i ro n m e n ta l  v a r i a t i o n  th a t  t h e  F 2  w a s  s u b j e c t  t o .  Applying t h e  
fo rm u la ,  a n  e s t i m a t e  of 4 . 0  p a i r s  of g e n e s  w a s  o b t a i n e d ,  w h ic h  s u g ­
g e s t e d  th a t  a  minimum of four p a i r s  of g e n e s  d i f f e r e n t i a t e d  t h e  p a re n t s  
for s p i k e l e t  l e n g t h .
The s e c o n d  m e th od ,  b a s e d  on  a n  e s t i m a t e  of the a p p a r e n t  f r e ­
q u e n c y  of ho m o zy g o u s  p a re n t  g e n o ty p e  r e c o v e r i e s  in  th e  F 2 , i s  more 
g e n e r a l .  This  i s  b e c a u s e  it  i s  i m p o s s i b l e  to  d e te rm in e  w i th  c e r t a in ty  
w h ic h  Fg p l a n t s  w e r e  g e n e t i c a l l y  i d e n t i c a l  w i th  e i t h e r  of  t h e  p a re n t s  
due  to  t h e  i n f lu e n c e  of e n v iron m en t  on e x p r e s s i o n  of s p i k e l e t  l e n g t h .  
The on ly  w ay  to  make s u r e  i s  to  make p rogeny  t e s t s .  T h u s ,  a s  no  F 3  
d a t a  w a s  a v a i l a b l e ,  th e  e s t i m a t e s  by  t h i s  m ethod w i l l  be  very  g e n e r a l .
There  w e r e  19 out  of th e  399 F 2  p l a n t s  w i th in  s p i k e l e t  l e n g th  
c l a s s e s  c o v e r e d  by  th e  Nira  p a r e n t ,  a s  c a n  be  s e e n  in  T ab le  1. All ,  
p a r t  or none  of t h e s e  19 p l a n t s  c o u ld  h a v e  b e e n  N ira  g e n o ty p e  r e ­
c o v e r i e s .  It d o e s  s e e m  p ro b a b le  though  th a t  p a r t  but  not  a l l  of t h e s e  
19 p l a n t s  of th e  399 t e s t e d  w e r e  g e n e t i c a l l y  i d e n t i c a l  to  N i r a .  There  
w e r e  9 ou t  of th e  399 F 2  p l a n t s  w i t h in  s p i k e l e t  l en g th  c l a s s e s  c o v e re d  
by th e  C o l u s a  p a re n t  r a n g e .  H ere  a g a i n  it  s e e m s  p ro b a b le  t h a t  par t  
of t h e s e  9 p l a n t s  w e re  g e n e t i c a l l y  l ike  C o l u s a .
The r e s u l t s ,  a c c o rd in g  to  t h i s  m e th o d ,  i n d i c a t e  t h a t  most  l ik e ly  
t h e r e  w e r e  few er  t h a n  f ive  p a i r s  of g e n e s  i n v o lv e d  in  d i f f e r e n t i a t in g  
t h e  p a re n t  g e n o t y p e s - - w i t h  f ive  p a i r s  of g e n e s  t h e r e  w o u ld  be  an  
e x p e c t e d  r e c o v e r y  of e a c h  h o m ozy g ou s  p a re n t  g e n o ty p e  of  on ly  one  
F 2  p lan t  in  1 ,024  p l a n t s .  That  t h e r e  w e r e  a s  many a s  f ive  p a i r s  
w o u ld  b e  a rem ote  p o s s i b i l i t y .  Thus i t  w o u ld  s e e m  th a t  t h e r e  w e r e  
m ost  p rob ab ly  four  or few er  p a i r s  of g e n e s  r e s p o n s i b l e .
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The d a ta  a l s o  s u g g e s t  t h a t  more th a n  two p a i r s  of g e n e s  w e r e  
d i f f e r e n t i a t i n g  th e  p a r e n t s - - w i t h  tw o  p a i r s  of g e n e s  o n e  c a n  e x p e c t  
to  r e c o v e r  a  f r eq u e n cy  of one  p la n t  out  of 16 a s  be ing  l ik e  e a c h  of ' 
t h e  p a re n t  g e n o t y p e s .  Although th e  e x a c t  num ber  of F 2  p l a n t s  i d e n t i c a l  
g e n e t i c a l l y  to  e i t h e r  p a re n t  c o u ld  not be  d e te r m in e d ,  it  a p p e a r s  o b v io u s  
t h a t  th e  f r e q u e n c y  w a s  l e s s  t h a n  one  in  16.
T h u s ,  a c c o rd in g  to  t h i s  s e c o n d  m e th od ,  t h e r e  w e re  i n d i c a t i o n s  
t h a t  more t h a n  tw o  p a i r s  of g e n e s  and  l e s s  t h a n  f ive  p a i r s  w e r e  r e ­
s p o n s i b l e  for t h e  p a r e n t a l  d i f f e r e n c e  in  s p i k e l e t  l e n g t h .
B a s e d  on  t h e  two e s t i m a t e s  m ad e ,  i t  w a s  c o n c lu d e d  t h a t  most  
p ro bab ly  th r e e  or four p a i r s  of  g e n e s  d i f f e r e n t i a t e d  th e  p a re n t  g e n o ­
t y p e s  for s p i k e l e t  l e n g th  in  t h i s  c r o s s  a n d  t h a t  th e  m ost  l ik e ly  number 
w a s  four p a i r s  of g e n e s .
For e s t im a t in g  h e r i t a b i l i t y  of s p i k e l e t  l e n g th  in  th e  F2 , t h e  fo rm ula ,  
h e r i t a b i l i t y  e q u a l s  s ^ G /  (s^E + s^G) w a s  u s e d .  In t h e  fo rm u la ,  s^E 
r e p r e s e n t s  th a t  par t  of t h e  t o t a l  F 2  v a r i a n c e  c a u s e d  by e n v i ro n m en ta l  
e f f e c t s  a n d  s^G  th a t  part  of th e  t o t a l  F 2  v a r i a n c e  c a u s e d  by g e n e t i c  
v a r i a t i o n .
It h a d  b e e n  c o n c l u d e d  t h a t  th e  p a re n t  v a r i e t i e s  w e r e  r e p r e ­
s e n t a t i v e  of th e  o r ig in a l  p l a n t s  of th e  c r o s s ,  t h a t  th e y  w e re  h o m o z y ­
g o u s  a n d  t h a t  th e  v a r i a t i o n  th e y  u nderw en t  w a s  due  to  e n v i ro n m e n t .
The p a re n t  v a r i e t i e s  a n d  t h e  F 2  w e re  g row n und e r  t h e  sa m e  c o n d i t i o n s , 
s o  i t  w a s  d e c i d e d  to  u s e  t h e  a v e r a g e  v a r i a n c e  of  t h e  p a re n t s  a s  be ing
e q u iv a l e n t  to  t h a t  part  of th e  F 2  v a r i a n c e  d ue  to  e n v i ro n m en ta l  
v a r i a t i o n .
The h e r i t a b i l i t y  of  s p i k e l e t  l en g th  w a s  e s t i m a t e d  to  h a v e  a 
v a lu e  of 0 .9 0 6  in  t h e  F 2 , or 9 0 . 6 % .  This  i s  an  e x t r e m e ly  high 
h e r i t a b i l i t y  e s t i m a t e  for a  q u a n t i t a t i v e  c h a r a c t e r .  It sh o u ld  b e  
rem em b ered  though  t h a t  t h i s  h e r i t a b i l i t y  e s t i m a t e  w a s  b a s e d  on ly  
on  F 2  d a t a - - a  much more r e l i a b l e  e s t i m a t e  w o u ld  be  o b t a i n e d  from 
a  r e g r e s s i o n  of F 3  l i n e s  on  F 2  p l a n t s .  T h is  e s t i m a t e  w a s  o b v io u s ly  
h ig h  enough  to  i n d i c a t e  t h a t  s e l e c t i o n  for  s p i k e l e t  l en g th  on  a n  
i n d iv id u a l  p lan t  b a s i s  in  th e  F 2  g e n e r a t i o n  sh o u ld  b e  h igh ly  e f f e c t i v e .
Table 1. Frequency d i s t r ib u t io n ,  a t  0 .2  mm. c l a s s  i n te r v a l s ,  of s p ik e le t  leng th  for th e  p a re n t ,  and  F2  
p o p u l a t i o n s .
C l a s s  C e n te r s
Popula t ion  7 . 4  7 . 6  7 .8  8 . 0  8 . 2  8 .4  8 . 6  8 . 8 9 . 0  9 .2  9 .4  9 . 6 9 .8  10 .0  10.2 10.4  10 .6  10.8
C o lu sa 13 36 3
Nira 2  23 21 1 1  1  1
F 1 3 1 3
F 2
1 8  22 32 56 70 77 57 23 17 17 12 5 2
Table 2. S t a t i s t i c a l  v a lu e s  of sp ik e le t  length  for th e  p a re n t ,  F^ and F 2  p o p u la t io n s .
Number
Popula tion of P lan ts  Ranqe (mm.) M ean  (mm.) Variance
C oef f ic ien t  
of Varia t ion
C o lu sa 52 7 . 4 0 -  7 .83 7 .5 7 0 .0 08 6  . 1.23%
Nira 59 9 . 8 3 - 1 0 . 8 3 10.15 0 .0328 1.78%
F i 7 7 . 9 3 -  8 .4 0 8 .1 8 0 .0317 2.17%
F 2
399 7 . 6 8 - 1 0 . 2 5 8 .7 4 '  0 .2292 5.48%
Cn
to
Fr
eq
ue
nc
y
60
80 -  C o l u s a
—  Nira
70
60 -
50
40
30 -
7 . 4  7 . 8  8 . 2  8 . 6  9 . 0  9 . 4  9 . 8  10 .2  10 .6  1 1 .0
S p ik e le t  Length (mm.)
Figure  1. F re q u en c y  c u rv e s  of s p i k e l e t  l eng th  for th e  p a r e n t s ,  F j  and
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S p ik e le t  Breadth
S p ik e le t  b rea d th  i s  d e f in e d  a s  t h e  l o n g e s t  d i s t a n c e  in  m i l l im e te r s ,  
from t h e  midrib  of*the lemma to  th e  k e e l  of t h e  p a l e a ,  or in  o th e r  w o r d s ,  
t h e  l o n g e s t  d i s t a n c e  of t h e  s p i k e l e t  d o r s i v e n t r a l  a x i s .  This  c h a r a c t e r  
w a s  m e a su re d  in  52 C o l u s a  v a r i e ty  p l a n t s ,  59 N ira  v a r i e ty  p l a n t s ,  7 
p l a n t s  a n d  399 F 2  p l a n t s .  T h e s e  w e re  t h e  s a m e  p l a n t s  m e a s u r e d  for 
s p i k e l e t  l e n g t h .  T ab le  3 p r e s e n t s  t h e  f re q u e n c y  d i s t r i b u t i o n  of  s p i k e l e t  
b r e a d th  for  th e  p a r e n t ,  F^ and  F 2  p o p u l a t i o n s .  T ab le  4 g i v e s  t h e  ran g e  
of m e a s u r e m e n t s ,  m e a n ,  v a r i a n c e  and  c o e f f i c i e n t  of v a r i a t i o n  for  th e  
p a r e n t s ,  F^ and  F 2 .
The s p i k e l e t  b r e a d th  m e a s u r e m e n ts  in  t h e  52 C o l u s a  p l a n t s  
r a n g e d  from 3 . 6 3  mm. to  3 .9 3  m m . , w i th  a  m ean  of 3 . 8 2  m m . The 
c o e f f i c i e n t  of v a r i a t i o n  w a s  1 .5 8 % .  The ra n g e  of v a r i a t i o n  of  only  
0 . 3 0  mm. a n d  th e  r e l a t i v e ly  low c o e f f i c i e n t  of v a r i a t i o n  in d i c a t e d  th a t  
th e  C o l u s a  p a re n t  v a r i e ty  w a s  h o m ozy g ou s  for  s p i k e l e t  b rea d th  and  
th a t  t h i s  c h a r a c t e r  w a s  in f lu e n c e d  to  on ly  a r e l a t i v e l y  sm a l l  d e g re e  by 
e n v i ro n m e n ta l  e f f e c t s .
The ran g e  of s p i k e l e t  b re a d th  m e a s u r e m e n ts  among th e  59 Nira  
p l a n t s  w a s  from 2 , 6 8  mm. to  2 . 8 3  m m . , w i th  a  m ean  s p i k e l e t  b re a d th  
of 2 . 7 8  mm. The c o e f f i c i e n t  of v a r i a t i o n  w a s  1 .7 3 % .  The ra n g e  of 
v a r i a t i o n  among th e  Nira  p l a n t s  of on ly  0 .2 5  mm. a n d  th e  low c o e f f i ­
c i e n t  of v a r i a t i o n  of 1.73% i n d ic a t e d  t h a t  t h e  N ira  p a re n t  v a r i e ty  w a s
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a l s o  h o m o zy g o u s  for s p i k e l e t  b rea d th  and  t h a t  o n ly  a sm a l l  d e g re e  of 
v a r i a t i o n  w a s  c a u s e d  by e n v i ro n m en t .
The ran g e  of  v a r i a t i o n  in  C o l u s a  w a s  e s s e n t i a l l y  th e  sam e  a s  t h a t  
i n  t h e  Nira  p o p u la t i o n  a n d  th e r e  w a s  on ly  a sm a l l  d i f f e r e n c e  b e tw e e n  
t h e i r  c o e f f i c i e n t s  of v a r i a t i o n .  Both c o e f f i c i e n t s  of v a r i a t i o n  w e re  
a c c e p t a b l y  sm a l l  e n o ug h  t o  h a v e  b e e n  c a u s e d  by o rd inary  e n v i ro n m e n ta l  
e f f e c t s  and  th e  sm a l l  d i f f e r e n c e  b e tw e e n  th em  c a n  a l s o  b e  a s s u m e d  to  
h a v e  b e e n  c a u s e d  by c h a n c e  v a r i a t i o n .
There  w a s  a  1 .0 4  mm. m ean  d i f f e re n c e  b e tw e e n  t h e  C o l u s a  and  
N ira  v a r i e t i e s ,  g iv ing  a n  i n d i c a t i o n  of a  g e n e t i c a l  d i f f e r e n c e  b e tw e e n  
t h e i r  g e n o t y p e s .  This  m ean  d i f f e r e n c e  w a s  found  to  b e  h igh ly  s i g n i f i ­
c a n t  a n d  i t  w a s  c o n c lu d e d  t h a t  t h e  C o l u s a  a n d  N ira  p a re n t  v a r i e t i e s  
d i f f e r e d  g e n e t i c a l l y  in  t h e i r  s p i k e l e t  b re a d th  by a p p ro x im a te ly  1. 04 mm.
The s p i k e l e t  b re a d th  m e a s u r e m e n ts  among t h e  7 F j  p l a n t s  r an g e d  
from 2 . 9  0 mm. to  3 . 1 3  m m . ,  w i th  a  m ean  s p i k e l e t  b rea d th  of  3 . 0 3  mm. 
The c o e f f i c i e n t  of v a r i a t i o n  w a s  a  r e l a t i v e ly  h igh  7 .7 0 % ,  but  in  r e s p e c t  
to  th e  l im i te d  number  of  p l a n t s  co m p r i s in g  t h e  p o p u la t io n  i t  c a n  not 
be  c o n s i d e r e d  a s  u n u s u a l  or a s  a n  i n d ic a t i o n  of g e n e t i c  v a r i a t i o n .  The 
F^ m ean  o f  3 . 0 3  mm. w a s  c o n s i d e r a b ly  lo w er  t h a n  th e  a r i th m e t ic  
a v e r a g e  of t h e  p a r e n t s ,  w h ic h  w a s  3 . 3 0  mm. This  w ou ld  s u g g e s t  
t h a t  t h e  g e n e s  c o n t ro l l in g  narrow s p i k e l e t  b re a d th  w e re  p a r t i a l l y  
do m inan t  o v e r  t h o s e  c o n t ro l l in g  b ro ad  s p i k e l e t  b r e a d t h .  H o w e v e r ,  in  
t h i s  c a s e ,  a s  w a s  th e  c a s e  in  s p i k e l e t  l e n g t h ,  t h e  marked d i f f e r e n c e
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b e tw e e n  t h e  m ean  and  t h e  m ean  of t h e  p a re n t s  c o u ld  a l s o  h a v e  b e e n  
c a u s e d  by t h e  d i f fe ren t  e n v i ro n m e n ta l  c o n d i t i o n s  u n d e r  w h ic h  t h e  p a ren t  
v a r i e t i e s  a nd  t h e  w e r e  g ro w n — t h e  F^ in  th e  g r e e n h o u s e  a nd  t h e  p a ren t  
v a r i e t i e s  in  th e  f i e l d .  It  i s  p o s s i b l e  t h a t - t h e  e n t i r e l y  d i f fe ren t  e n v i r o n —- 
ment o f  t h e  g r e e n h o u s e  a f f e c t e d  t h e  F^ p l a n t s  in  s u c h  a m anner  t h a t  th e  
s p i k e l e t s  b e c a m e  na r row er  t h a n  th e y  w o u ld  h a v e  b e e n  unde r  norm al  f ie ld  
c o n d i t i o n s .  A l so ,  a s  w a s  t h e  c a s e  in  s p i k e l e t  l e n g t h ,  t h e r e  i s  a 
p o s s i b i l i t y  t h a t  t h e  p a re n t  v a r i e ty  p o p u la t i o n s  w e r e  not g e n e t i c a l l y  
r e p r e s e n t a t i v e  of th e  o r ig in a l  p a re n t  p l a n t s  u s e d  t o  make th e  c r o s s .
It w a s  th e r e f o re  c o n c l u d e d  th a t  i t  c o u ld  not be  d e te rm in e d  w h e t h e r  th e  
d e v ia t i o n  of t h e  F^ s p i k e l e t  b r e a d th  m ean  from t h e  m ean  of  t h e  p a re n t s  
w a s  d ue  t o  d o m in a n c e  or o th e r  c a u s e s .
The s p i k e l e t  b re a d th  m e a s u r e m e n t s  for th e  399 F 2  p l a n t s  r an g e d  
from 2 .6 8  mm. to  3 . 8 8  m m . ,  w i th  a  m ean  s p i k e l e t  b re a d th  of  3 .2 2  mm.
The c o e f f i c i e n t  of  v a r i a t i o n  w a s  5 . 8 6 % ,  a v a lu e  c o n s i d e r a b l y  h igh e r  
t h a n  found  in  th e  p a r e n t s .  This  i n d i c a t e s  s e g r e g a t i o n  for s p i k e l e t  b rea d th  
in th e  F2  p o p u l a t i o n .
As c a n  be  s e e n  from t h e  f req u e n cy  d i s t r i b u t i o n  in  T ab le  3 and  
from t h e  f r e q u e n c y  cu rv e  in  F igure  2 ,  t h e r e  w a s  a c o n t i n u o u s  v a r i a t i o n  
of s p i k e l e t  b r e a d th  in  t h e  F 2  # rang ing  from th e  n a r ro w e s t  m e a su re m e n t  
of 2 . 6 8  mm. to  t h e  b r o a d e s t  m ea su re m e n t  of 3 . 8 8  mm. There  w e r e  no 
d i s t i n c t  c l a s s e s  in to  w h ic h  t h e  s p i k e l e t  b r e a d th  m e a s u r e m e n t s  cou ld  
b e  f i t t e d .  The F 2  f r e q u e n c y  cu rv e  a p p e a r e d  e s s e n t i a l l y  normal  in
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s h a p e .  H o w e v e r ,  i t s  m odal  c l a s s  of  3 .1 5  mm. w a s  one  f re q u e n c y  c l a s s  
lo w e r  t h a n  t h e  m ed ian  c l a s s  of 3 . 2 5  m m . , in  w h i c h ' t h e  F 2  m ean  w a s  i n ,  
t h u s  g iv ing  a  s l i g h t  i n d i c a t i o n  of s k e w n e s s  to  t h e  c u rv e .
' In^ re la t io n  to  t h e  p a re n t  v a r i e t i e s ,  i t  w a s  found  t h a t  t h e  F 2  mean  
w a s  on ly  0 . 0 8  mm. l e s s  t h a n  th e  a r i t h m e t i c  a v e r a g e  of t h e  p a re n t  m eans  
of 3 . 3 0  mm. The F 2  s p i k e l e t  b r e a d th  f r e q u e n c y  d i s t r i b u t i o n  sh o w ed  no 
t r a n s g r e s s i v e  s e g r e g a t i o n ,  a t  e i t h e r  t h e  narrow or b road  s p i k e l e t  b re a d th  
e x t r e m e s .  The F 2  a lm o s t  h a d  th e  e x t re m e  of r a n g e  show n  by t h e  in d iv id u a l  
p l a n t s  of  t h e  p a r e n t s — 30 F 2  p l a n t s  c o v e re d  t h e  w h o le  N ira  p a re n t  rang e  
a nd  13 F 2  p l a n t s  c o v e r e d  a l l  but  t h e  h i g h e s t  s p i k e l e t  b r e a d th  c l a s s  of 
t h e  C o l u s a  p a re n t  r a n g e .
Though it  w a s  not  p o s s i b l e  to  d e te rm in e  d e f i n i t e l y ,  t h e  d a t a  for 
t h e  F 2  a n d  t h e  p a re n t  v a r i e t i e s  s t ro n g ly  i n d i c a t e  t h a t  th e  p a re n t  p o p u l a ­
t i o n s  i n c l u d e d  in  t h i s  s tu d y  w e r e  r e p r e s e n t a t i v e  in  th e i r  s p i k e l e t  b re a d th  
g e n o ty p e s  of t h e  a c t u a l  p a re n t  p l a n t s  u s e d  to  m ake  th e  o r ig in a l  c r o s s .
This  a s s u m p t i o n  i s  su p p o r t e d  by t h e  fac t  t h a t  t h e  F 2  m ean  and  th e  m ean  
of t h e  p a r e n t s  w e r e  not a p p r e c i a b l y  d i f f e r e n t .  It  w ou ld  h a v e  b e e n  an  
im p ro b a b le  c o i n c i d e n c e  to  h a v e  o b t a i n e d  the  a b o v e  d a ta  if one  or bo th  
of t h e  o r ig in a l  p a re n t  p l a n t s  h ad  d i f f e r e d  a p p r e c i a b ly  in  g e n o ty p e  from 
th e  p a r e n t a l  p o p u la t i o n s  g ro w n .  A lso ,  t h a t  th e  F 2  r an g e  w a s  i n t e r ­
m e d ia te  a n d  e s s e n t i a l l y  c o v e r e d  t h e  r a n g e s  of b o th  p a r e n t s  w i th  
a p p ro x im a te ly  t h e  sa m e  number  of p l a n t s  w a s  fu r th e r  e v id e n c e  th a t  
t h e  F 2  w a s  d e r iv e d  from p a re n t  p l a n t s  w h i c h  w e re  p rob ab ly  i d e n t i c a l
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g e n e t i c a l l y  to  t h o s e  grown in  t h i s  s tu d y  a s  p a re n t  p o p u l a t i o n s .  It w a s  
c o n c l u d e d ,  t h e r e f o r e ,  t h a t  for  a l l  p r a c t i c a l  p u r p o s e s  t h e  p a re n t  p o p u l a ­
t i o n s  c a n  b e  u t i l i z e d  i n  g e n e t i c  a n a l y s e s  of s p i k e l e t  b r e a d t h .
The d i f f e r e n c e  of  0 .0 8  m m . , b e tw e e n  t h e  F2  s p i k e l e t  b re a d th  
m ean  a nd  t h e  m ean  of  t h e  p a r e n t s ,  w a s  h ig h ly  s i g n i f i c a n t  and  th e r e  
w a s  a s l i g h t  i n d i c a t i o n  of s k e w n e s s  t o  t h e  F 2  f r eq u e n cy  c u r v e ,  a s  i t s  
modal  c l a s s  d id  not  c o in c id e  w i th  i t s  m ed ian  c l a s s .  H o w e v e r ,  t h e  0 ,0 8  
d i f f e r e n c e  in  m e a n s  i s  so  sm a l l  and  t h e  s k e w n e s s  so  s l i g h t  t h a t  t h e i r  
i n t e r p r e t a t i o n  w a s  u n c e r t a i n .  It  w a s  c o n c lu d e d  t h a t  t h e r e  may h a v e  
b e e n  som e p a r t i a l  d o m in a n c e  p r e s e n t  for narrow b r e a d th  o f  s p i k e l e t  bu t  
i t  w a s  to o  s l i g h t  to  b e  of any  p r a c t i c a l  im p o r ta n c e  and  th a t  c o n s e q u e n t ly  
t h e r e  w a s ,  from th e  p r a c t i c a l  v i e w p o in t ,  a n  a b s e n c e  of d o m in a n c e .
On th e  b a s i s  of t h e  e s s e n t i a l l y  normal  F 2  f re q u e n c y  cu rv e  and  
t h e  c o n t in u o u s  v a r i a t i o n  in  t h e  F2  # b e tw e e n  t h e  n a r ro w e s t  a n d  b r o a d e s t  
m e a s u r e m e n t s ,  i t  w a s  c o n c lu d e d  th a t  s p i k e l e t  b re a d th  b e h a v e d  a s  a 
t y p i c a l  q u a n t i t a t i v e  c h a r a c t e r  a n d  th a t  i t  w a s  g o v e rn e d  by s e v e r a l  
p a i r s  of g e n e s ,  e a c h  w i th  a  sm a l l  e f f e c t  on e x p r e s s i o n  of th e  t r a i t .
Two e s t i m a t e s  b a s e d  on  d i f fe ren t  m e th od s  w e re  u s e d  to  o b ta in  
i n d i c a t i o n s  of t h e  num ber  of g e n e s  d i f f e r e n t i a t in g  t h e  p a r e n t s .  In t h e  
f i r s t  m e th o d ,  u s in g  t h e  C a s t l e - W r i g h t  fo rm u la ,  in  w h ic h  t h e  a v e r a g e  
v a r i a n c e  of th e  p a r e n t s  w a s  s u b s t i t u t e d  for t h e  F^ v a r i a n c e ,  a n  e s t i ­
m a te  of 4 . 1 5  p a i r s  of g e n e s  w a s  o b t a i n e d .  This  s u g g e s t e d  t h a t  t h e r e
w a s  a  minimum of  four p a i r s  of g e n e s  d i f f e r e n t i a t i n g  t h e  p a r e n t s  for 
s p i k e l e t  b r e a d t h .
The s e c o n d  method  of e s t im a t i o n  w a s  b a s e d  o n  th e  a p p a r e n t  
f r e q u e n c y  of h o m o zy g o u s  p a re n t  g e n o ty p e  r e c o v e r i e s .  There  w e r e  30 
F 2  p l a n t s  out  o f  399 w i t h in  t h e  v a r io u s  s p i k e l e t  b r e a d th  c l a s s e s  
c o v e r e d  by t h e  N ira  p a r e n t ,  a s  c a n  b e  s e e n  in  T ab le  3 .  Al l ,  p a r t ,  or 
n on e  of t h e s e  30 p l a n t s  c o u ld  h a v e  b e e n  N ira  g e n o ty p e  r e c o v e r i e s ,  
but  i t  d o e s  s e e m  p ro b ab le  t h a t  par t  of  t h e s e  3 0 ,  ou t  of 399 p l a n t s  
t e s t e d ,  w e re  g e n e t i c a l l y  i d e n t i c a l  t o  N i r a .  T here  w e re  13 F 2  p l a n t s  
o u t  of 399 w i th in  s p i k e l e t  b re a d th  c l a s s e s  c o v e r e d  by th e  C o l u s a  
p a re n t  r a n g e .  H e re  a g a i n  i t  s e e m s  p ro b a b le  t h a t  pa r t  of t h e s e  13 
p l a n t s  h ad  g e n o ty p e s  i d e n t i c a l  t o  C o l u s a .
T h e s e  r e s u l t s  i n d i c a t e  th a t  t h e r e  w e r e  m ost  p ro b ab ly  f e w e r  t h a n  
f iv e  p a i r s  o f  g e n e s  d i f f e r e n t i a t i n g  t h e  p a r e n t s — w i th  f ive  p a i r s  of 
g e n e s  i n v o lv e d  th e r e  i s  a c a l c u l a t e d  r e c o v e r y  of e a c h  h o m ozyg o us  
p a re n t  g e n o ty p e  of only  o n e  out  of  1 ,0 2 4  F 2  p l a n t s .  Although it  i s  
i m p o s s i b l e  to  d e te rm in e  w i th  c e r t a i n t y  how many of  th e  F 2  p l a n t s ,  
w h i c h  w e r e  p h e n o ty p i c a l ly  l ik e  t h e  p a r e n t s ,  w e re  a l s o  g e n e t i c a l l y  
i d e n t i c a l  to  t h e  p a r e n t s ,  d ue  to  th e  i n f l u e n c e  of e n v i r o n m e n t ,  it  i s  
h ig h ly  p ro b a b le  t h a t  t h e r e  w a s  a g r e a t e r  f r e q u e n c y  of r e c o v e r y  of  both  
p a r e n t s  t h a n  o ne  out  of 1 , 0 2 4 .
The d a ta  a l s o  s u g g e s t  t h a t  t h e r e  w e r e  more t h a n  tw o  p a i r s  of 
g e n e s  d i f f e r e n t i a t in g  t h e  p a r e n t s  for  s p i k e l e t  b r e a d t h .  W i th  two
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p a i r s  of  g e n e s  t h e  e x p e c t e d  r e c o v e r y  of p a re n t  g e n o ty p e s  i s  one  ou t  of 
16 ? 2  p l a n t s .  Although a g a i n  th e  e x a c t  num ber  of F 2  p l a n t s  w i th  g e n o ­
t y p e s  i d e n t i c a l  to  e i t h e r  p a re n t  c o u ld  not  b e  d e te r m in e d  w i th  c e r t a i n t y ,  
i t  a p p e a r s  o b v io u s  t h a t  th e  o b t a i n e d  f r e q u e n c y  of r e c o v e r y  of bo th  
p a re n t  g e n o t y p e s  w a s  l e s s  t h a n  o n e  ou t  of 16.
A ccord ing  to  t h i s  s e c o n d  m e th o d ,  i t  i s  e s t i m a t e d  t h a t  th e re  
w e r e  m ost  p ro b ab ly  more t h a n  tw o  p a i r s  of  g e n e s  a n d  l e s s  t h a n  f ive  
p a i r s  of  g e n e s  i n v o lv e d  in  t h e  i n h e r i t a n c e  of s p i k e l e t  b r e a d t h .
B a se d  on  b o th  m ethods  of  e s t i m a t i o n ,  it  w a s  c o n c l u d e d  t h a t  most  
l i k e l y  t h e r e  w e r e  t h r e e  or four  p a i r s  of g e n e s  d i f f e r e n t i a t i n g  th e  Nira  
from t h e  C o l u s a  s p i k e l e t  b r e a d th  g e n o t y p e ,  a n d  t h a t  t h e  m ost  p rob ab le  
number  w a s  four  p a i r s  of g e n e s .
The h e r i t a b i l i t y  of  s p i k e l e t  b r e a d t h ,  u s in g  t h e  formula  
s ^ G / t s ^ E  + s ^ G ) , w a s  c a l c u l a t e d  to  h a v e  a  v a lu e  of  0 .9 1 8  or  9 1 .8 % .
In c a l c u l a t i n g  t h e  h e r i t a b i l i t y  of s p i k e l e t  b r e a d t h ,  th e  a v e r a g e  v a r i a n c e  
of  t h e  p a r e n t s  w a s  u s e d  to  r e p r e s e n t  t h a t  p a r t  of  t h e  F 2  t o t a l  v a r i a n c e  
c a u s e d  by e n v i ro n m e n ta l  v a r i a t i o n .  The h e r i t a b i l i t y  e s t i m a t e  o b t a in e d  
w a s  e x t r e m e ly  high for a q u a n t i t a t i v e  c h a r a c t e r  a nd  it  may r e p r e s e n t  an  
o v e r e s t i m a t i o n .  H o w e v e r ,  t h i s  e s t i m a t e  w a s  h igh  e n o u g h  to  s t ro n g ly  
s u g g e s t  t h a t  s e l e c t i o n  for s p i k e l e t  b r e a d th  o n  a n  i n d iv i d u a l  p la n t  b a s i s  
in  t h e  F 2  w o u ld  be  h ig h ly  e f f e c t i v e .
Table 3. Frequency d i s t r ib u t io n ,  a t  0 .1  mm. c l a s s  i n t e r v a l s ,  of sp ik e le t  b read th  for th e  p a re n t ,  and  F2  
p o p u l a t i o n s .
C l a s s  C e n te r s
Population 2 .65 2 .75 2 .85 2 .95 3 .05 3 .15 3 .2 5 3 .3 5  3 .4 5  3 .5 5 3 .6 5 3 .7 5 3 • 85 3 .  j j
C o lu sa 2 1 1 32 7
Nira 1 33 24 1
F 1
2 4 1
F 2
1 2; 6 2 1 61 106 69 53 37 30 1 1 1 1
Table  4 .  S t a t i s t i c a l  v a lu e s  of sp ik e le t  b read th  for th e  p a re n t ,  F j  and  F2  p o p u la t io n s .
Popula tion
Number 
of P lan ts Ranqe (mm.) M ean  (mm.) Variance
C o e f f ic ien t  
of Varia t ion
C o lu sa 52 3 . 6 3 - 3 . 9 3 ' 3 .8 2 0 .0037 1.58%
Nira 59 2 . 6 8 - 2 . 9 3 2 .7 8 0.0023 1.73%
F i - 7 2 . 9 0 - 3 . 1 3 3 .0 3 0 .0545 7.70%
F 2 399 2 . 6 8 - 3 . 8 8 3 .2 2 0 .0355 5.86%
CT>
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Figure  2 .  F re q u en c y  c u r v e s  of  s p i k e l e t  b re a d th  for t h e  p a r e n t s ,  F^ 
a n d  F 2 .
7 0
P a n ic l e  Length
P a n ic l e  l e n g th  w a s  d e f in e d  a s  t h e  d i s t a n c e ,  in  c e n t i m e t e r s ,  from 
th e  uppe rm o s t  node  of th e  culm to  t h e  t i p  of t h e  u pperm os t  s p i k e l e t . 
M e a s u r e m e n t s  for  t h i s  c h a r a c t e r  w e r e  t a k e n  on  60 C o l u s a  p a re n t  v a r i e ty  
p l a n t s ,  59 N ira  p a re n t  v a r i e ty  p l a n t s  a n d  946 F 2  p l a n t s .  No d a ta  
w e re  a v a i l a b l e .  T ab le  5 p r e s e n t s  th e  f req u e n cy  d i s t r ib u t io n  of  p a n ic l e  
l e n g th  for t h e  p a re n t  v a r i e t i e s  and  t h e  F 2 . T ab le  6  g i v e s  th e  ran g e  of 
m e a s u r e m e n t s ,  m ea n ,  v a r i a n c e  and  c o e f f i c i e n t  of v a r i a t i o n  for  panicle^ 
l e n g th  in  t h e  p a re n t  v a r i e t i e s  a n d  F 2 .
The p a n ic l e  l en g th  m e a s u r e m e n ts  among t h e  60 C o l u s a  p l a n t s  
r a n g e d  from 1 6 .2  c m .  to  2 4 . 7  c m . ,  w i th  a m ean  p a n i c l e  l en g th  of 2 1 .6 3  
c m .  The c o e f f i c i e n t  of v a r i a t i o n  w a s  a r e l a t i v e ly  h igh  9 . 8 % .  S ince  
C o l u s a  h a s  b e e n  a n  e s t a b l i s h e d  v a r i e ty  for a long p e r io d  of t im e  a n d  
s i n c e  r i c e  i s  a  s e l f - f e r t i l i z e d  p l a n t ,  i t  c a n  b e  a s s u m e d  th a t  t h e  l a rg e  
ran g e  of v a r i a t i o n  in  p a n ic le  l en g th  of 8 . 5  c m .  and  t h e  r e l a t i v e ly  h igh  
c o e f f i c i e n t  of v a r i a t i o n  in  t h e  C o l u s a  p o p u la t io n  w e re  c a u s e d  by 
e n v i ro n m e n ta l  e f f e c t s  a nd  th a t  th e y  w e r e  not  d u e  to  g e n e t i c  v a r i a t i o n .  
Conf i rm ing  e v id e n c e  for su c h  a  c o n c l u s i o n  co m e s  from th e  f a c t  t h a t  a l l  
t h e  r e l e v a n t  l i t e r a tu r e  o n  p a n ic l e  l e n g th  r e p o r t s  th a t  t h i s  c h a r a c t e r  h a s  
a ve ry  low h e r i t a b i l i t y  and  th a t  it  i s  s u b j e c t  t o  a g r e a t  d e a l  of e n v i r o n ­
m en ta l  v a r i a t i o n .
The p a n ic l e  l en g th  m e a s u r e m e n ts  among t h e  59 Nira  p l a n t s  r ang ed  
from 2 3 . 6  c m .  to  3 4 . 0  c m .  , w i th  a m ean  p a n ic l e  l e n g th  of  2 8 .9 1  c m .
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The c o e f f i c i e n t  of  v a r i a t i o n  w a s  a r e l a t i v e l y  high 7 .7 % .  As w a s  t h e  c a s e  
in  t h e  C o l u s a  p a re n t  v a r i e t y ,  it  c a n  b e  a s s u m e d  t h a t  Nira  w a s  h om ozygous  
for p a n ic l e  l e n g th  a nd  t h a t  th e  ra n g e  of  1 0 .4  c m .  and  t h e  high c o e f f i c i e n t  
of v a r i a t i o n  w e re  a  r e s u l t  of  s t rong  e n v i ro n m e n ta l  i n f l u e n c e .
There  w a s  a  so m e w h a t  g r e a t e r  ra n g e  of v a r i a t i o n  in  t h e  N ira  
p o p u l a t i o n ,  but  t h e  C o l u s a  p o p u la t i o n  h ad  a  h ig h e r  c o e f f i c i e n t  of v a r i a ­
t i o n .  H o w e v e r ,  t h a t  t h e  Nira  a nd  C o l u s a  p o p u la t i o n s  d i f fe red  in  t h e s e  
a s p e c t s  c a n  a l s o  b e  a s s u m e d  to  h a v e  b e e n  d u e  to  e n v i ro n m e n ta l  e f f e c t s , 
for t h e  s a m e  r e a s o n  th a t  t h e i r  r a n g e s  of  v a r i a t i o n  and  c o e f f i c i e n t s  of 
v a r i a t i o n  w e re  bo th  high in  t h e  f i r s t  p l a c e .
There  w a s  so m e  o v e r l a p p in g  of  p a n i c l e  l e n g th  m e a s u r e m e n t s  b e ­
t w e e n  t h e  C o l u s a  a n d  N ira  p o p u l a t i o n s ,  a t  t h e  2 3 . 5  c m .  a n d  2 4 . 5  cm .  f r e ­
q u e n c y  d i s t r i b u t i o n  c l a s s e s ,  but  t h e  m ean  d i f f e r e n c e  in  p a n i c l e  l en g th  of 
7 . 2 7  c m .  b e tw e e n  t h e  p a r e n t s  w a s  found  to  be  h ig h ly  s i g n i f i c a n t .  It 
w a s  c o n c lu d e d  th a t  th e  N ira  and  C o l u s a  p a n ic l e  l e n g th  g e n o ty p e s  
d i f f e red  by  a p p ro x im a te ly  7 . 2 8  c m .  an d  t h a t  t h e  o v e r la p p in g  t h a t  did  
o c c u r  w a s  c a u s e d  by  t h e  high d e g re e  of i n f lu e n c e  of en v iro n m en t  on 
th e  e x p r e s s i o n  of  p a n i c l e  l e n g th  in  bo th  p a re n t  v a r i e t i e s .
The p a n ic l e  l e n g th  m e a s u r e m e n ts  in  t h e  946 F 2  p l a n t s  r a n g e d  
from 2 0 . 1  c m .  to  3 4 .5  c m . ,  w i th  a  m ean  p a n i c l e  l e n g th  of  2 7 .9 5  c m .
The c o e f f i c i e n t  of v a r i a t i o n  w a s  7 . 8 % .  As c a n  b e  s e e n  from t h e  f r e ­
q u e n c y  d i s t r ib u t io n  in  T a b le  5 a n d  from th e  f r e q u e n c y  cu rv e  in  F igure  3 ,  
t h e r e  w a s  a  c o n t in u o u s  v a r i a t i o n  in  p a n i c l e  l e n g th  in  t h e  F 2 , from th e
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l o w e s t  m e a su re m e n t  of 2 0 .1  c m .  t o  t h e  h i g h e s t  of 3 4 .5  c m . ,  s p a n n in g
1 4 .4  cm .  in  r a n g e .  There  w e re  no d i s t i n c t  c l a s s e s  in to  w h ic h  th e  
p a n i c l e  l e n g th  m e a s u r e m e n ts  c o u ld  b e  f i t t e d .  The F 2  f r e q u e n c y  c u rv e  
w a s  e s s e n t i a l l y  n o rm a l ,  w i th  no a p p a r e n t  s k e w n e s s ,  th o ug h  th e  m ed ian  
c l a s s  of 2 7 .5  c m .  w a s  o n e  f r e q u e n c y  c l a s s  be low  th e  modal  c l a s s  of
2 8 .5  c m .
In r e l a t i o n  to  bo th  p a re n t  v a r i e t i e s ,  i t  w a s  found t h a t  t h e  F 2  mean 
of 2 7 .9 5  c m .  w a s  2 . 7 1  c m .  h ig h e r  t h a n  t h e  a r i t h m e t i c  a v e r a g e  of th e  
p a re n t  m e a n s ,  w h ic h  w a s  25 .24  c m .  The F 2  p a n i c l e  l e n g th  f req u en cy  
c u rv e  sh o w e d  no t r a n s g r e s s i v e  s e g r e g a t i o n ,  a t  e i t h e r  t h e  shor t  or long 
p a n ic l e  l e n g th  e x t r e m e s .
C om p ar ing  t h e  C o l u s a  p o p u la t i o n  w i th  t h a t  of t h e  > i t  w a s  found 
t h a t  t h e  F 2  d id  not h a v e  t h e  ex t re m e  of ra n g e  sh ow n  by  t h e  in d iv id u a l  
C o l u s a  p a ren t  p l a n t s .  There  w e r e  79 F^  p l a n t s  in  p a n i c l e  l e n g th  c l a s s e s  
c o v e r e d  by t h e  C o l u s a  p a re n t  r a n g e ;  h o w e v e r ,  61 ou t  of t h e s e  79 p l a n t s  
w e re  in  t h e  tw o  f re q u e n c y  c l a s s e s  of  2 3 .5  c m .  and  2 4 .5  cm .  , in  w h ic h  
t h e  C o l u s a  a n d  N ira  p o p u la t i o n s  o v e r l a p p e d  in  p a n i c l e  l e n g t h .
Although i t  i s  not  p o s s i b l e  to  d e te rm in e  d e f i n i t e l y ,  t h e  f a c t  t h a t  t h e  
C o l u s a  p a re n t  v a r i e ty  ra n g e  w a s  a t  t h e  lo w er  F 2  f r e q u e n c y  ra n g e  s u g ­
g e s t s  t h a t  i t  w a s  r e p r e s e n t a t i v e  of t h e  g e n o ty p e  of t h e  C o l u s a  p lan t  
u s e d  in  t h e  o r ig in a l  c r o s s .
In  r e l a t i o n  to  t h e  N ira  p a re n t  p o p u l a t i o n ,  it  w a s  found  th a t  th e  
F 2  f r e q u e n c y  cu rv e  c o v e r e d  t h e  w h o le  ra n g e  showij  by th e  in d iv id u a l
Nira p l a n t s .  In  f a c t ,  t h e  bulk of  th e  F 2  p o p u la t i o n  w a s  w i t h in  th e  ra n g e  
c o v e re d  by t h e  N ira  p a r e n t .  Only  18 of  t h e  946 F 2  p l a n t s  m e a s u r e d  w e re  
not w i th in  t h e  r a n g e  of t h e  Nira  p l a n t s .  The modal  c l a s s e s  of bo th  th e  
F 2  a n d  Nira  p o p u la t io n  f r e q u e n c y  c u r v e s  w e r e  2 8 .5  c m .  The F 2  m ean  
p a n i c l e  l e n g th  of 2 7 .9 5  c m .  w a s  e s s e n t i a l l y  t h e  s a m e  a s  t h e  m ean  
- p a n i c l e  l e n g th  of N ira  of  2 8 .9 1  c m . ,  be in g  on ly  0 . 9 6  c m .  l e s s .  It  
w a s  not p o s s i b l e  to  d e te rm in e  w h e th e r  t h e  Nira  p o p u la t io n  w a s  r e p r e ­
s e n t a t i v e  of t h e  a c t u a l  p a re n t  p l a n t  of  N i r a .
The f a c t  t h a t  t h e  F 2  p o p u la t i o n  r e s e m b l e d  c l o s e l y  th e  Nira  
v a r i e t y ,  w i th  a  m ean  e s s e n t i a l l y  l ik e  t h a t  of  N i r a ,  s u g g e s t  t h a t  som e 
d e g re e  of h ybr id  v igo r  for long l en g th  of p a n i c l e  may h a v e  b e e n  s h o w n .
Due to  t h e  s t ro ng  e f f e c t  of en v iro n m en t  on  v a r i a t i o n  for  p a n i c l e  
l e n g t h ,  th e  e v i d e n c e  for hybr id  v igor  in  F2 a n d  t h e  f a c t  t h a t  t h e  
v a r i a n c e  of F2 d id  not e x c e e d  t h a t  of t h e  p a r e n t s ,  it  w a s  c o n c lu d e d  
th a t  a n  a t t e m p t  to  make a  g e n e t i c  a n a l y s i s  of  p a n i c l e  l e n g th  w ou ld  
not  g iv e  r e s u l t s  of  s u f f i c i e n t  r e l i a b i l i t y  to  b e  w o r t h w h i l e .  It i s  
a p p a r e n t ,  h o w e v e r ,  t h a t  h e r i t a b i l i t y  of  t h i s  t r a i t  w a s  very  low and  
th a t  s e l e c t i o n  for  l en g th  of p a n i c l e  among in d iv id u a l  F 2  p l a n t s  w o u ld  
p ro b ab ly  not  p rove  e f f e c t i v e .
Table  5 .  F requency  d i s t r ib u t io n ,  a t  1 .0  cm .  c l a s s  i n t e r v a l s ,  of p a n ic le  l eng th  for th e  p a re n t  and  F 2  
p o p u l a t i o n s .
C l a s s  C e n t e r s
PoDulation 16.5 17.5 18.5 19.5 20.5 21.5 22.5 23.5 24.5 25.5 26.5 27.5 28.5 29.5 30.5 31.5 32.5 33.5 34.5
C o lu s a 3 1 6 1 6 7 18 1 1 7
Nira 2 2 2  2  8 14 1 1 1 1 3 1 2 1
F 2
3 5 1 0 2 0 41 74 144 158 187 142 96 41 17 4 4
Table  6 . S t a t i s t i c a l  v a lu e s  of p a n ic le  leng th  for t h e  p a ren t  a n d  F 2  p o p u l a t i o n s .
Popu la t ion
Number 
of P lan ts Range (cm.) M e an  (cm.) V ar iance
C o e f f i c i e n t  
of Var ia t ion
C o lu s a 60 1 6 . 2 - 2 4 . 7 2 1 .6 3 4 .5 3 9.8%
Nira 59 2 3 . 6 - 3 4 . 0 2 8 .9 1 4 . 9 0 7.7%
* 2 946 2 0 . 1 - 3 4 . 5 2 7 .9 5 4 .7 2 7.8%
Fr
eq
ue
nc
y
200
190'
180-
— • C o l u s a
170-
Nira
1 6 0
1 5 0
1 1 0
9 0
7 0
5 0
30
10
1 6 .5  1 8 .5  2 0 . 5  2 7 . 5  2 4 . 5  2 6 . 5  2 8 . 5  3 0 . 5  3 2 . 5  3 4 . 5
P a n i c l e  l e n g th  (cm .)
F igu re  3 .  F r e q u e n c y  c u r v e s  of p a n i c l e  l e n g t h  for t h e  p a r e n t s  a n d  F 2 .
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W eig h t  Per 100 S p lk e le t s
W eig h t  per  100 s p i k e l e t s  i s  de f in e d  a s  the  w e ig h t ,  in  g r a m s ,  of 
1 0 0  normal s p i k e l e t s ,  s e l e c t e d  a t  random from th e  s e e d  of e a c h  p l a n t .  
M e a s u re m e n t s  for t h i s  c h a r a c t e r  w e re  t a k e n  on 52 C o l u s a  v a r ie ty  p l a n t s ,  
58 Nira  v a r i e ty  p l a n t s ,  7 F j  p l a n t s  and  399 F 2  p l a n t s .  T h ese  w e re  the  
sam e  p l a n t s  on which  s p ik e le t  l en g th  and  b rea d th  d im e n s io n s  w e re  o b ­
t a i n e d .  Table  7 p r e s e n t s  th e  f requ en cy  d i s t r ib u t io n  of w e ig h t  pe r  100 
s p i k e l e t s  for th e  pa ren t  v a r i e t i e s ,  F^ and  F 2 * T ab le  8  g iv e s  th e  range  
of w e i g h t s ,  m ean ,  v a r i a n c e  and  c o e f f i c i e n t  of v a r i a t io n  for th e  p a re n t ,
F^ and  F2  p o p u la t io n s .
The w e ig h t  per  100 s p ik e le t  m e a su re m e n ts  in  the  52 C o l u s a  parent  
v a r ie ty  p la n t s  r anged  from 2 . 8  gm . to  3 .2  g m . ,  w i th  a mean of 3 .0 3  gm. 
The c o e f f i c i e n t  of v a r i a t io n  w a s  2 .9 2 % .
The w e ig h t  per  100 sp ik e le t  m ea su re m e n ts  in  t h e  58 Nira  pa ren t  
v a r ie ty  p l a n t s  r an g e d  from 2 .5  g m .  to 3 . 3  gm .  with a mean of 2 .9 6  gm. 
The c o e f f i c i e n t  of v a r i a t io n  w a s  4 .4 8 % .
In th e  7 F j  p l a n t s ,  the  w e ig h t  per  100 s p i k e l e t s  ran g ed  from 2 .4  
gm . to  2 . 7  g m . , w i th  a  mean of 2 .5 6  gm . The c o e f f i c i e n t  of v a r ia t io n  
w a s  3 .8 2 % .
The w e ig h t s  per  100 s p i k e l e t s  in  th e  399 F2  p l a n t s  r an g e d  from 
2 .1  g m .  to  3 .5  g m . ,  w i th  a mean of 2 .7 3  gm . The c o e f f i c i e n t  of v a r i a ­
t io n  w a s  8 .9 1 % .
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In order to  a n a ly z e  and d i s c u s s  the  da ta  o b ta in ed  in  th is  c h a r a c t e r ,  
i t  must  be  kept  in mind th a t  sp ik e le t  w e igh t  i s  not a c h a r a c te r  tha t  i s  
d i rec t ly  con tro l led  by s p e c i f i c  gene  a c t i o n ,  but ra ther  th a t  it  i s  con tro l led  
a s  a re su l t  of ind i rec t  a c t io n  of g e n e s  contro l l ing  t h e  e x p re s s io n  of o ther  
t r a i t s ,  w h ich  would  be th e  com ponents  of sp ik e le t  w e ig h t .  The weigh t  of 
any s u b s ta n c e  or o b jec t  i s  de termined by i t s  s p e c i f i c  weigh t  and i t s  
vo lum e .  It can  th u s  be  a s s e r t e d  th a t  the  two main components  of sp ike le t  
Weight a re  the  s p e c i f i c  weigh t  of th e  sp ik e le t  and the  sp ik e le t  vo lum e.  
The sp e c i f ic  we igh t  of th e  r ice  sp ik e le t  i s  an  a ve rag e  of th e  sp e c i f ic  
w e ig h ts  of the  r ice  s ta rch  endosperm  and of the  s p ik e le t  g lu m e s .
Sp ike le t  volume c a n  be  further subd iv ided  in to  th ree  o ther  c o m p o n e n ts ,  
th e  sp ik e le t  d im en s ion s  of  l e n g th ,  b read th  and w id th .
Under  normal c o n d i t i o n s ,  the  sp e c i f ic  we igh t  of th e  r ice  s ta rch  
endosperm  and th e  sp ik e le t  g lum es  probably  do es  not vary among 
v a r i e t i e s  to a s ign i f ican t  e x te n t ,  and it  c a n  be a s su m e d  th a t  th i s  
component  of sp ik e le t  w e igh t  w i l l  have  a neg l ig ib le  e ffec t  on the  
v a r ia t io n  of sp ik e le t  w e i g h t .
The volume of s p i k e l e t s  d o e s  vary a g rea t  d e a l  due  to  the  g rea t  
v a r ia t io n  found in  sp ik e le t  d i m e n s i o n s . Of th e  sp ik e le t  d im ens ions  
a ffec t ing  sp ik e le t  vo lum e,  the  g r e a t e s t  v a r ia t io n  is  found in the  length  
and b read th  d im e n s io n s ,  th e  l e a s t  in  w id th .  T hus ,  under normal c o n ­
d i t i o n s ,  th e  subcom ponen ts  of  sp ik e le t  vo lume,  sp ik e le t  leng th  and 
b rea d th ,  c an  be  c o n s id e re d  to  have  the  g re a te s t  in f lu en ce  on  sp ike le t  
w e ig h t .
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Although It w a s  not p o s s i b l e  to  d e te rm in e  d e f i n i t e l y ,  i t  h ad  b e e n  
c o n c l u d e d  t h a t  In  a l l  p ro b a b i l i ty  th e  C o l u s a  and  N ira  p a re n t  v a r i e t i e s  
u s e d  in  t h e  s tudy  w e re  r e p r e s e n t a t i v e  of t h e  s p i k e l e t  l e n g th  a n d  b rea d th  
g e n o ty p e s  of t h e  a c t u a l  p a re n t  p l a n t s  w h ic h  w e r e  u s e d  in  t h e  o r ig in a l  
c r o s s  and  t h a t  t h e y  c o u ld  b e  u t i l i z e d  a s  p a r e n t a l  p o p u la t i o n s  in  g e n e t i c  
a n a l y s e s  of  s p i k e l e t  l e n g th  a n d  b r e a d t h .  As t h e s e  s p i k e l e t  d i m e n s i o n s  
a re  t h e  main  c o m p o n e n ts  d e te rm in in g  s p i k e l e t  w e i g h t ,  i t  t h e r e f o r e  fo l lo w s  
th a t  th e  C o l u s a  a nd  Nira  v a r i e t i e s  w e r e  a l s o  r e p r e s e n t a t i v e  of th e  o r ig in a l  
p a re n t  g e n o ty p e s  in  r e s p e c t  to  w e ig h t  per  1 0 0  s p i k e l e t s .
S in c e  it  w a s  c o n c lu d e d  t h a t  both th e  C o l u s a  a n d  N ira  v a r i e t i e s  
w e r e  ho m o zy g ou s  for s p i k e l e t  l e n g th  a nd  s p i k e l e t  b r e a d t h ,  i t  c a n  a l s o  
be  c o n c lu d e d  t h a t  t h e y  w e r e  hom o zyg o us  for w e i g h t  p e r  1 0 0  s p i k e l e t s .  
T his  i s  con f i rm ed  by t h e  low c o e f f i c i e n t s  of v a r i a t i o n  for w e ig h t  per  100 
s p i k e l e t s  in  bo th  t h e  p a r e n t a l  p o p u l a t i o n s . T h u s , t h e  v a r i a t i o n  t h a t  d id  
o c c u r  among th e  C o l u s a  and  Nira  p l a n t s  in  w e ig h t  p e r  100 s p i k e l e t s  c a n  
b e  a s s u m e d  to  h a v e  b e e n  c a u s e d  by  e n v i ro n m e n ta l  i n f lu e n c e  on th e  
s p i k e l e t  d i m e n s i o n s .  The d i f f e re n c e  in  th e  c o e f f i c i e n t s  of  v a r i a t i o n  
b e tw e e n  t h e  tw o  p a r e n t a l  v a r i e t i e s  c a n  a l s o  b e  a s s u m e d  to  h a v e  b e e n  
due  t o  c h a n c e  v a r i a t i o n .
The m ean  d i f f e r e n c e  in  w e ig h t  per  100 s p i k e l e t s  b e tw e e n  t h e  
C o l u s a  a n d  Nira  v a r i e t i e s  of 0 .0 7  g m .  w a s  found  to  b e  h ig h ly  s i g n i ­
f i c a n t .  H o w e v e r ,  t h i s  m ean  d i f f e r e n c e  w a s  ve ry  sm a l l  and  for a l l  
p r a c t i c a l  p u r p o s e s  t h e  C o l u s a  a n d  N ira  v a r i e t i e s  h a d  th e  sa m e
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s p i k e l e t  w e i g h t s .  The r a n g e s  of t h e  C o l u s a  an d  Nira  f r eq u e n cy  d i s t r i b u ­
t i o n s  w e re  a l s o  a lm o s t  t h e  s a m e ,  th o u g h  th e  N ira  p o p u la t io n  had  a 
so m e w h a t  g r e a t e r  r a n g e  of v a r i a t i o n .
That th e  d i f f e r e n c e  in  w e ig h t  pe r  100 s p i k e l e t s  w a s  so  sm a l l  
b e tw e e n  t h e  C o l u s a  a n d  Nira  v a r i e t i e s ,  th ou g h  th e i r  s p i k e l e t  d im e n ­
s io n s  w e r e  q u i t e  d i f f e r e n t ,  co u ld  be  a c c o u n t e d  for by t h e  f a c t  t h a t  t h e i r  
s p i k e l e t  v o lu m e s  w e re  e s s e n t i a l l y  t h e  s a m e .  H o w ev e r ,  b e c a u s e  t h e  
p a r e n t s  d id  not d i f fe r  a p p r e c i a b ly  in  w e ig h t  p e r  1 0 0  s p i k e l e t s ,  noth ing  
of  v a lu e  co u ld  b e  g a in e d  from a g e n e t i c  a n a l y s i s  of t h i s  t r a i t  in  t h i s  
C o l u s a  x  Nira  c r o s s .  C o n s e q u e n t l y ,  no g e n e t i c  a n a l y s i s  of w e ig h t  
pe r  1 0 0  s p i k e l e t s  w a s  a t t e m p t e d .
It i s  o b v io u s  t h o u g h ,  from th e  F 2  d a t a  in  T ab le  7 ,  t h a t  g e n e t i c  
v a r i a t i o n  o c c u r r e d  for s p i k e l e t  w e i g h t .  A l a r g e  number  of  F 2  p l a n t s  
h a d  lo w e r  s p i k e l e t  w e i g h t s  t h a n  e i t h e r  p a r e n t .  On t h e  o th e r  h a n d ,  
on ly  3 F 2  p l a n t s  e x c e e d e d  th e  ra n g e  of t h e  p a r e n t s - - t h i s  sm a l l  number 
of F 2  p l a n t s  c o u ld  h a v e  b e e n  th e  r e s u l t  of e n v i ro n m e n ta l  i n f l u e n c e .
That  a l a rg e  number  of F 2  p l a n t s  h ad  lo w er  w e i g h t s  p e r  100 
s p i k e l e t s  t h a n  e i t h e r  p a re n t  i s  a r e s u l t  of  th e  c o m b in a t io n  of  s p i k e l e t  
d im e n s io n s  in  t h e s e  p l a n t s .  Upon exam in ing  th e  d a ta  of t h e  s p i k e l e t  
d im e n s io n s  in  r e l a t i o n  t o  s p i k e l e t  w e ig h t  in  t h e  F 2  p o p u l a t i o n ,  it  w a s  
found  t h a t  most  F2  p l a n t s  had  a c o m b in a t io n  of s p i k e l e t  d im e n s io n s  
i n  w h ic h  in te r m e d ia t e  s p i k e l e t  l e n g th  w a s  co m b in ed  w i th  i n te r m e d ia te  
s p i k e l e t  b r e a d t h .  This  c o m b in a t io n  of s p i k e l e t  d im e n s io n s  w o u ld  t e n d
to  p ro du ce  s p i k e l e t s  w i th  s m a l l e r  v o lu m e s  th a n  t h o s e  found  in  e i th e r  
p a re n t  a nd  c o n s e q u e n t l y  w i l l  a l s o  t e n d  to  h a v e  lo w e r  w e i g h t s  p e r  1 0 0  
s p i k e l e t s  t h a n  t h o s e  of  e i t h e r  p a r e n t .  A l s o ,  t h e r e  a p p a r e n t ly  s e e m e d  
to  b e  more F 2  p l a n t s  in  w h ic h  sho r t  s p i k e l e t  l e n g t h ,  a p p ro a c h in g  th a t  
of t h e  C o l u s a  p a r e n t ,  w a s  c om bined  w i th  narrow s p i k e l e t  b r e a d th ,  
a p p ro a c h in g  th a t  of t h e  Nira p a r e n t ,  t h a n  th e r e  w e r e  p l a n t s  w i th  
long s p i k e l e t  l e n g th  co m b in ed  w i th  b road  s p i k e l e t  b r e a d t h .  This  
w o u ld  a l s o  e x p la in  why th e r e  w e r e  so  few F 2  p l a n t s  w i th  w e ig h t s  
h ig h e r  t h a n  th e  p a r e n t s  a n d  why  th e re  w e r e  more F 2  p l a n t s  w i th  very  
low w e i g h t s  p e r  1 0 0  s p i k e l e t s .
Table 7 . Frequency d i s t r ib u t ion ,  at 0 .1  gm. c l a s s  i n t e r v a l s ,  of w e igh t  per 100 s p i k e l e t s  for the  p a re n t ,  
F i  and F 2  po p u la t io n s .
C l a s s  C e n te r s
Population 2 .0  2 .1  2 .2 2 .3 2 .4 2 .5 2 . 6 2 .7 2 . 8 2 .9 3 . 0 3 .1 3 .2 3 . 3  3 . 4  3 .5  3 .6
C o lusa 1 8 24 15 4
Nira ' 1 - 1 7 19 19 8 1 2
F i 1 2 3 1
r 2  2 3 16 24 53 57 64 67 41 34 17 1 1 7 2 1
Table 8 . S t a t i s t i c a l  v a lu es  of weight  per 100 sp ik e le t s  for the  p a re n t , F j  and F2  p o p u la t io n s .
Population
Number 
of P lan ts Ranqe (qm.) Mean (qm.)
C oeff ic ien t  
Variance of Varia t ion
C o lu sa 52 2 . 8 - 3 . 2 3 .03 0 .0078 2.92%
Nira 58 2 . 5 - 3 . 3 2 .9 6 0 .0176 4.48%
F i 7 2 . 4 - 2 . 7 2 .5 6 0 .0095 3.82%
F 2
399 2 . 1 - 3 . 5 2 .73 0 .0592 8.91%
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Figure  4 .  F re q u en c y  c u rv e s  of w e ig h t  per  100 s p i k e l e t s  for  th e  p a r e n t s ,  
F i  and  ? 2  •
Number of  S p i k e l e t s  Pe r  P a n ic l e
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The a v e r a g e  number  o f  s p i k e l e t s  p e r  p a n i c l e  w a s  m e a s u r e d  in  25 
C o l u s a  v a r i e ty  p l a n t s ,  25 Nira  v a r i e ty  p l a n t s  a n d  101 F 2  p l a n t s .  D a ta  
o n  t h e  w e r e  not  a v a i l a b l e .  T a b le  9 p r e s e n t s  t h e  f r e q u e n c y  d i s t r i b u t i o n  
for  t h e  p a r e n t s  a n d  t h e  ? 2  • T ab le  10 g i v e s  t h e  ra n g e  of  m e a s u r e m e n t s ,  
m e a n ,  v a r i a n c e  a n d  c o e f f i c i e n t  o f  v a r i a t i o n  for t h e  p a re n t  a nd  F 2  p o p u l a ­
t i o n s  .
The number  of s p i k e l e t s  p e r  p a n i c l e  in  t h e  25 C o l u s a  p a re n t  v a r i e ty  
p l a n t s  r a n g e d  from 4 9 . 3  to  1 3 4 . 1 ,  w i th  a m ean  of 106 .3  s p i k e l e t s  pe r  
p a n i c l e .  The c o e f f i c i e n t  of v a r i a t i o n  w a s  1 8 .5 % .
The num ber  of s p i k e l e t s  p e r  p a n i c l e  in  t h e  25 Nira  p a re n t  v a r i e ty  
p l a n t s  r a n g e d  from 7 4 . 0  t o  1 8 4 . 6 ,  w i th  a m ean  of 1 2 0 .0  s p i k e l e t s  per  
p a n i c l e .  The c o e f f i c i e n t  of  v a r i a t i o n  w a s  2 0 . 0 % .
In t h e  101 F p l a n t s ,  t h e  num ber  of s p i k e l e t s  p e r  p a n i c l e  r an g e d
w
from 5 5 . 8  to  2 4 3 . 7 ,  w i th  a  mean of 1 4 9 .6  s p i k e l e t s  pe r  p a n i c l e .  The 
c o e f f i c i e n t  of v a r i a t i o n  w a s  2 3 .6 % .
The num ber  of s p i k e l e t s  pe r  p a n i c l e  i s  a  c o m p le x  c h a r a c t e r ,  
b e in g  made up of s e v e r a l  c o r n p o n e n t s - - t h e  most  im po r tan t  of w h ic h  
a re  p a n i c l e  l e n g th  a n d  p a n i c l e  d e n s i t y ,  ( the  d e n s i t y  of s p i k e l e t s  in  
t h e i r  a r r a n g e m e n t  on  th e  p a n i c l e ) . T h e s e  c o m p o n e n ts  c a n  be  c o n ­
s i d e r e d  in  t h e  a n a l y s i s  a n d  d i s c u s s i o n  of t h e  d a t a  o b t a i n e d  for  num ber  
of s p i k e l e t s  pe r  p a n i c l e .
The m ean  d i f f e r e n c e  b e tw e e n  th e  C o l u s a  a n d  Nira  of  13 .7  s p i k e l e t s  
p e r  p a n ic l e  w a s  not  s i g n i f i c a n t .  G iv ing  fu r th e r  e v i d e n c e  of  th e  s im i la r i ty  
of t h i s  t r a i t  in  t h e  p a r e n t a l  v a r i e t i e s  w e r e  t h e i r  r e s p e c t i v e  f req u e n cy  
d i s t r i b u t i o n s /  a s  c a n  b e  s e e n  in  Table  9 .  Both p a re n t  v a r i e t i e s  h a d  th e  
s a m e  n o d a l  c l a s s  of 114 s p i k e l e t s  p e r  p a n i c l e  a nd  th e y  b o th  c o v e re d  
e s s e n t i a l l y  t h e  sa m e  f r e q u e n c y  c l a s s e s — t h e r e  w e r e  on ly  2  i n d iv id u a l  
C o l u s a  p l a n t s  in  f r e q u e n c y  c l a s s e s  b e lo w  t h o s e  c o v e r e d  by th e  Nira  
p o p u la t io n  ran g e  and  th e r e  w e r e  on ly  3 N ira  p l a n t s  in  c l a s s e s  a b o v e  
t h o s e  c o v e r e d  by  t h e  C o l u s a  r a n g e .  The c o e f f i c i e n t s  of v a r i a t i o n  w e re  
b o th  n e a r  2 0 % , in d ic a t i n g  t h a t  env ironm en t  h ad  a  g r e a t  d e a l  of i n f lu e n c e  
on  t h e  e x p r e s s i o n  of t h i s  c h a r a c t e r  in  th e  C o l u s a  a n d  Nira  v a r i e t i e s .
Due to  t h e  g r e a t  s im i l a r i ty  of  th e  p a re n t  v a r i e t i e s  a n d  th e  s t rong  
e f f e c t  of e nv iro n m en t  on  t h e  e x p r e s s i o n  of num ber  of  s p i k e l e t s  per  
p a n i c l e ,  a  g e n e t i c  a n a l y s i s  of t h i s  c h a r a c t e r  co u ld  not  b e  m a d e .  H o w ­
e v e r ,  two f a c t s  a re  a p p a r e n t  from th e  d a t a  in  T ab le  9 and  T ab le  10.
F i r s t ,  t h e  num ber  of s p i k e l e t s  per  p a n i c l e  h a s  a  r e l a t i v e l y  low 
h e r i t a b i l i t y  and  c o n s e q u e n t l y ,  s e l e c t i o n  for  t h i s  t r a i t  in  th e  F 2  g e n e r a ­
t i o n  w ou ld  p ro b ab ly  be  of no v a l u e .  E v id e n ce  for t h i s  i s  t h e  s t ron g  
. in f lu e n c e  of e n v iro nm en t  on  th e  v a r i a t i o n  of number  of s p i k e l e t s  
p e r  p a n i c l e  among t h e  p l a n t s  of  th e  C o l u s a  a n d  N ira  p a r e n t a l  v a r i e t i e s .
The o th e r  no tew o r th y  fac t  i s  t h a t  s e v e r a l  F2  p l a n t s  h a d  a  c o n ­
s i d e r a b l y  h ig h e r  number  of s p i k e l e t s  per  p a n i c l e  t h a n  d id  t h e  p a r e n t s  
a n d  th a t  th e  F 2  m ean  w a s  a l s o  c o n s i d e r a b ly  h ig h e r  t h a n  t h e  m ea n s  of
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t h e  p a r e n t s .  The most  p ro b a b le  e x p la n a t i o n  for t h i s  c o n d i t i o n  in  t h e  F 2  
i s  t h a t  t h i s  t r a i t  w a s  a f f e c t e d  by hybr id  v ig o r .  This  e f f e c t  o f  hybr id  
v igo r  for  high num ber  of s p i k e l e t s  pe r  p a n i c l e  c o u ld  b e  a  r e s u l t  of  th e  
p ro b a b le  e f f e c t  of hybr id  v igor  on  p a n ic l e  l e n g t h ,  w h ic h  w a s  d i s c u s s e d  
in  t h e  p re v io u s  s e c t i o n  und e r  P a n i c l e  L en g th .  S in c e  p a n i c l e  l e n g t h  i s  
c o n s i d e r e d  a  c o m p o n e n t  of number  of s p i k e l e t s  pe r  p a n i c l e ,  any  hybr id  
v igo r  e f f e c t  on  p a n i c l e  l en g th  c o u ld  h a v e  a l s o  b e e n  e x p r e s s e d  in  th e  
num ber  of s p i k e l e t s  p e r  p a n i c l e  c h a r a c t e r .
Table 9 .  Frequency d is t r ib u t io n  of number of s p ik e le t s  per p a n ic le ,  a t  12 s p ik e le t s  per  p a n ic le  c l a s s  
i n t e r v a l s , for th e  parent  and  F 2  p o p u la t io n s .
Population
C l a s s  C e n te r s
54 6 6 78 90 1 0 2 114 126 138 150 162 174 186 198 2 1 0  2 2 2 234 246
C o lu sa 1 1 2 1 5 1 0 4 1
Nira 1 2 4 8 3 4 1 1 - 1
F 2
1 - - 4 6 7 1 1 17 19 13 5 4 5 6  1 2 1
Table 10. S t a t i s t i c a l  v a lu e s  of number of s p ik e le t s  per p a n ic le  for th e  paren t  and F2  p o p u l a t i o n s .
Popula t ion
Number 
of P lan ts Range M ean Variance
C o e f f i c i e n t  
of Varia t ion
C o lusa 25 4 9 .3 - 1 3 4 .1 106.3 388 .59 18.5%
Nira 25 7 4 .0 - 1 8 4 . 6 1 2 0 . 0 5 73 .94 2 0 . 0 %
F 2
1 0 1 5 5 . 8 - 2 4 3 . 7 149 .6 1250.11 23.6%
00
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P e r c e n ta g e  S te r i l i ty
P e r c e n ta g e  s t e r i l i t y  i s  d e f in e d  a s  t h e  p e r c e n t a g e  of  t o t a l  s p i k e l e t s  
pe r  p l a n t  th a t  w e re  e m p ty .  P e r c e n t a g e s  o f  s t e r i l i t y  w e r e  d e te rm in e d  for 
25 C o l u s a  v a r i e ty  p l a n t s ,  25 Nira  v a r i e ty  p l a n t s  a n d  101 F£ p l a n t s .
Tab le  11 p r e s e n t s  t h e  f r e q u e n c y  d i s t r i b u t i o n  of t h e  p a r e n t s  a n d  F 2 .
T ab le  12 g i v e s  t h e  ra n g e  of v a r i a t i o n ,  m e a n ,  v a r i a n c e  and  c o e f f i c i e n t  
of v a r i a t i o n  for  t h e  p a re n t  a n d  F 2  p o p u l a t i o n s .
The p e r c e n t a g e s  of s t e r i l i t y  in  t h e  25 C o l u s a  p l a n t s  r a n g e d  from 
2 .5%  to  1 5 .7 % ,  w i th  a  m ean  of 6 . 7 % .  The c o e f f i c i e n t  of v a r i a t i o n  w a s  
4 5 . 9 % .
The p e r c e n t a g e s  of  s t e r i l i t y  in  t h e  25 Nira  p l a n t s  r a n g e d  from 5 .3%  
to  2 4 . 6 % ,  w i th  a m ean  of 1 1 .8 % .  The c o e f f i c i e n t  of  v a r i a t i o n  w a s  4 8 . 3 % .
In  th e  101 F 2  p l a n t s ,  t h e  p e r c e n t a g e s  of s t e r i l i t y  r a n g e d  from 3 .3% 
to  3 3 .7 % ,  w i th  a  m ean  of  1 2 .9 % .  The c o e f f i c i e n t  of v a r i a t i o n  w a s  5 0 .2 % .
As m en t ion ed  under  t h e  M a t e r i a l s  a n d  M e th o d s  s e c t i o n ,  th e  C o l u s a  
p a re n t  v a r i e ty  i s  a  l a p o n i c a  t y p e  c u l t i v a t e d  r i c e  v a r i e t y ,  w h i l e  N ira  i s  a n  
i n d ic a  t y p e .  B e c a u s e  of t h e  common o c c u r r e n c e  of marked s t e r i l i t y  in  
h y b r id s  b e tw e e n  l a p o n i c a  a n d  i n d ic a  v a r i e t i e s ,  t h e r e  w a s  a n  i n t e r e s t  in  
ex am in in g  th e  F 2  p l a n t s  for  a n y  e v i d e n c e  o f  s t e r i l i t y .
H o w e v e r ,  it  i s  o b v io u s  from t h e  d a t a  p r e s e n t e d  in  T a b le s  11 a n d  12
> - ■*
t h a t  t h e  F 2  w a s  a s  f e r t i l e  a s  t h e  p a r e n t s  a n d  th a t  t h e r e  w a s  no e v i d e n c e  
of g e n e t i c a l l y  c o n t r o l l e d  s t e r i l i t y  in  t h i s  h y b r id .  The s t e r i l i t y  t h a t  did
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o c c u r  in  t h e  F 2  w a s  e s s e n t i a l l y  no h ig h e r  t h a n  th a t  oc cu r r in g  in  th e  
p a r e n t s ,  w h i c h  w a s  c a u s e d  by  e n v i r o n m e n ta l  e f f e c t s .
Table 11. Frequency d is t r ib u t io n  of p e rcen tag e  s t e r i l i t y ,  at 3.0% c l a s s  i n t e r v a l s ,  for t h e  pa ren t  and  F 2  
p o p u la t io n s .
Popula tion
1---------------- . . .
C l a s s  C e n te r s
1.5 4 .5 7 .5 10.5 13.5 16.5 19.5 2 2 .5  25 .5  2 8 .5  3 1 .5  3 4 .5
C o lusa 1 1 2 7 3 1 1
Nira 1 9 6 3 2  1 2  1
F 2
1 1 2 2 19 2 1 * 7 9 4 3 2 - 2
Table 12. S t a t i s t i c a l  v a lu e s  of pe rcen tag e  s te r i l i ty  for th e  paren t  and F 2  p o p u la t io n s .
Population
Number 
of P lan ts Ranae (%) Mean (%) Variance
C o e f f ic ien t  
of Varia t ion
C o lu sa 25 2 . 5 - 1 5 . 7 6 .7  9 .4 7 45.9%
Nira 25 5 . 3 - 2 4 . 6 1 1 . 8  3 2 .46 48.3%
F 2
107 3 . 3 - 3 3 . 7 12.9  4 1 .65 50.2%
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A s s o c ia t i o n  S t u d i e s
Tbe s tudy  o f  a s s o c i a t i o n s  b e tw e e n  any two c h a r a c t e r s  in  a c rop  
p lan t  i s  im p or tan t  to  p la n t  b r e e d e r s ,  e s p e c i a l l y  if  t h e  f a v o ra b le  e x p r e s ­
s i o n  of th e  tw o  t r a i t s  w i l l  c o n t r ib u te  to  t h e  u l t im a te  o b j e c t i v e s  of p lan t  
b r e e d i n g — a h igh  y ie ld in g  a n d  h igh  q u a l i t y  c r o p .  To f a c i l i t a t e  t h e  
s e l e c t i o n  p rogram ,  a  p l a n t  b r e e d e r  n e e d s  to  know if  th e  t r a i t s  for w h ic h  
he i s  s e l e c t i n g  a re  a s s o c i a t e d  or n o t .  O f t e n ,  th e  l a c k  of a n  a s s o c i a ­
t io n  b e tw e e n  tw o  c h a r a c t e r s  i s  j u s t  a s  im p o r tan t  to  know a s  i s  a 
p r e s e n c e  of an  a s s o c i a t i o n .  If tw o  c h a r a c t e r s  a re  a s s o c i a t e d ,  th e  
p la n t  b r e e d e r  sh o u ld  know th e  n a tu re  of t h e  a s s o c i a t i o n  and  to  w ha t  
d e g re e  th e  tw o  t r a i t s  a re  a s s o c i a t e d .
In any  hybr id  p o p u l a t i o n ,  t h e  n a tu re  of a n  a s s o c i a t i o n  c a n  b e  of 
two k i n d s :  a) t h e  f a v o ra b le  e x p r e s s i o n  of one  c h a r a c t e r  is- a s s o c i a t e d  
w ith  t h e  f a v o ra b le  e x p r e s s i o n  of t h e  o th e r  c h a r a c t e r ;  and  b) th e  f a v o r ­
a b le  e x p r e s s i o n  of o n e  c h a r a c t e r  i s  a s s o c i a t e d  w i th  the  un fav o ra b le  
e x p r e s s i o n  of t h e  o th e r  c h a r a c t e r .  If t h e  a s s o c i a t i o n  is  of th e  f i r s t  
t y p e ,  th e  s e l e c t i o n  for th e  f a v o ra b le  e x p r e s s i o n s  of th e  tw o  c h a r a c ­
t e r s  i s  made e a s i e r .  The s e l e c t i o n  for t h e  fa v o ra b le  e x p r e s s i o n  of 
one  t r a i t  w i l l  a u to m a t i c a l l y  be  a  s e l e c t i o n  for th e  f a v o ra b le  e x p r e s s i o n  
of th e  o th e r  c h a r a c t e r .  H o w e v e r ,  if th e  a s s o c i a t i o n  i s  of th e  s e c o n d  
t y p e ,  som e d i f f ic u l ty  in  t h e  s e l e c t i o n  for  th e  f a v o r a b le  e x p r e s s i o n s  
of bo th  th e  c h a r a c t e r s  w i l l  be  e n c o u n t e r e d ,  e s p e c i a l l y  if t h e  a s s o c i a ­
t io n  i s  of a  h igh  d e g r e e .  The s e l e c t i o n  for th e  f a v o r a b l e  e x p r e s s i o n
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of o n e  t r a i t  w i l l  a u to m a t i c a l l y  be  a  s e l e c t i o n  for t h e  u n fa v o ra b le  e x p r e s ­
s io n  of  t h e  o th e r  t r a i t .
The d e g re e  of an  a s s o c i a t i o n  i s  ve ry  im p o r ta n t .  It i n d i c a t e s  to  t h e  
p lan t  b r e e d e r  how h e lp fu l  or harmful  t h e  a s s o c i a t i o n  b e tw e e n  two c h a r a c ­
t e r s  w i l l  b e  to  h i s  s e l e c t i o n  p ro g ram .  A low d e g re e  of a s s o c i a t i o n  b e tw e e n  
tw o  t r a i t s  w i l l  u s u a l ly  not  m a te r i a l ly  h e lp  or  h in d e r  a p lan t  b r e e d e r  in  h i s  
s e l e c t i o n  p rog ram .  H o w e v e r ,  a  h igh  d e g re e  of  a s s o c i a t i o n  i s  u s u a l ly  of 
g re a t  p r a c t i c a l  im p o r ta n c e  to  t h e  p la n t  b re e d e r  a s  it  w i l l  u s u a l l y  m a te r i a l ly  
h e lp  or h in d e r  him in  h i s  s e l e c t i o n  p r o c e s s .
A s s o c ia t i o n s  b e t w e e n  tw o  c h a r a c t e r s  a re  u s u a l ly  s tu d i e d  by c a l ­
c u la t in g  t h e  s im p le  c o r r e l a t i o n  c o e f f i c i e n t  b e tw e e n  th e m .  The s im p le  
c o r r e l a t io n  c o e f f i c i e n t  i s  a l s o  r e fe r red  to  a s  t h e  p h e n o ty p ic  c o r r e l a t io n  
c o e f f i c i e n t ,  a s  i t  r e p r e s e n t s  t h e  t o t a l  d e g re e  to  w h ic h  th e  p h e n o ty p e s  
of t h e  tw o  t r a i t s  v a r ie d  t o g e t h e r .  For most  p u r p o s e s ,  th e  s im p le  c o r r e l a ­
t io n  c o e f f i c i e n t ,  or p h e n o ty p ic  c o r r e l a t io n  c o e f f i c i e n t ,  s u p p l i e s  s u f f i c i e n t  
p r a c t i c a l  in fo rm a t io n ,  b u t  a t  t im e s  i t  h a s  b e e n  found u s e f u l  to  o b ta in  more 
p r e c i s e  in fo rm a t io n  on th e  a s s o c i a t i o n  b e tw e e n  two t r a i t s ,  e s p e c i a l l y  th e  
g e n e t i c  a s p e c t s  of i t .  For t h i s  p u r p o s e ,  an  e s t i m a t e  of the g e n e t i c  
a s s o c i a t i o n  c a n  b e  made more p r e c i s e  th rough  th e  c a l c u l a t i o n  of a  
g e n e t i c  c o r r e l a t io n  c o e f f i c i e n t .  The g e n e t i c  c o r r e l a t io n  c o e f f i c i e n t  
a t t e m p t s  to  g ive  a n  e s t i m a t e  of t h e .d e g r e e  and  n a tu re  of th e  a s s o c i a t i o n  
b e t w e e n  tw o  t r a i t s  th a t  may be  a t t r ib u t e d  d i r e c t l y  to  g e n e t i c  c a u s e s ,  
u s u a l l y  g e n e  l in k a g e  or p l e io t ro p h y ,  e l im in a t in g  th a t  por t ion  of t h e
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a s s o c i a t i o n  due  to  e n v i ro n m e n ta l  v a r i a t i o n  in  th e  t r a i t s  i n v o lv e d .  The 
g e n e t i c  c o r r e l a t io n  c o e f f i c i e n t  c a n  b e  t h e  s a m e ,  h i g h e r ,  or  lo w e r  t h a n  
th e  p h e n o ty p ic  c o r r e l a t io n  c o e f f i c i e n t ,  d e p e n d in g  on th e  e n v i ro n m en ta l  
i n f lu e n c e  o n  th e  t r a i t s  i n v o lv e d .
A h igh  p h e n o ty p ic  c o r r e l a t io n  c o e f f i c i e n t  w o u ld  not  a lw a y s  n e c e s ­
s a r i ly  r e p r e s e n t  a n  e q u a l ly  h igh d e g r e e  of g e n e t i c  a s s o c i a t i o n  b e tw e e n  
two t r a i t s ,  e s p e c i a l l y  if  b o th  t r a i t s  a re  s u b j e c t  to  a  g re a t  d e a l  of e n v i r o n ­
m en ta l  i n f l u e n c e .  The e n v i ro n m e n ta l  i n f lu e n c e  on  e ac h  t r a i t  co u ld  be  
s u c h  t h a t  t h e  two w o u ld  te n d  to  vary  t o g e t h e r  in  t h e  sa m e  d i r e c t io n  a s  
t h e  g e n e t i c  a s s o c i a t i o n ,  r e s u l t i n g  in  a h igh  p h e n o ty p ic  c o r r e la t io n  
c o e f f i c i e n t .
A l s o ,  a  low p h e n o ty p ic  c o r r e l a t io n  c o e f f i c i e n t  w ou ld  not a lw a y s  
n e c e s s a r i l y  r e p r e s e n t  an  e q u a l ly  low g e n e t i c  a s s o c i a t i o n .  This  w o u ld  
a g a i n  be  e s p e c i a l l y  t ru e  i f  t h e  t r a i t s  i n v o lv e d  w e r e  s u b j e c t  to  a g re a t  
d e a l  o f  e n v i ro n m e n ta l  i n f l u e n c e . The e n v i ro n m e n ta l  in f lu e n c e  on e a c h  
t r a i t  c o u ld  be  su c h  th a t  t h e  t r a i t s  w o u ld  t e n d  to  va ry  to g e th e r  in  t h e  
o p p o s i t e  d i r e c t i o n  from t h a t  of  th e  g e n e t i c  a s s o c i a t i o n ,  r e s u l t i n g  in  a 
low p h e n o ty p ic  c o r r e l a t io n  c o e f f i c i e n t .  H o w e v e r ,  if t h e  two t r a i t s  t h a t  
a re  g e n e t i c a l l y  a s s o c i a t e d  b o th  h a v e  r e l a t i v e ly  h igh  h e r i t a b i l i t i e s  and  
a re  s u b j e c t  t o  on ly  a s l ig h t  e n v i ro n m e n ta l  v a r i a t i o n ,  t h e  p h e n o ty p ic  
and  g e n e t i c  c o r r e la t io n  c o e f f i c i e n t s  c a n  u s u a l l y  b e  e x p e c t e d  to  be  
r e l a t i v e ly  c l o s e  t o g e t h e r  in  t h e i r  v a l u e s  .
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The i n t e r p r e t a t i o n  o f  t h e  p h e n o ty p ic  a n d  g e n e t i c  c o r r e l a t i o n  c o e f ­
f i c i e n t s  i s  s i m i l a r .  In bo th  c o e f f i c i e n t s ,  t h e  n e g a t iv e  o r  p o s i t i v e  s ig n  
i n d i c a t e s  th e  n a tu r e  of t h e  a s s o c i a t i o n  b e tw e e n  th e  two t r a i t s  a n d  th e  
s i z e  of t h e  c o e f f i c i e n t  i n d i c a t e s  t h e  d e g re e  to  w h ic h  th e  two t r a i t s  a re  
a s s o c i a t e d .  To c o n s i d e r  c o r r e l a t i o n  c o e f f i c i e n t s ,  t h e y  h a v e  t o  b e  
s t a t i s t i c a l l y  s i g n i f i c a n t  b u t ,  e v e n  i f  t h e y  a re  found  to  b e  s i g n i f i c a n t ,  
t h e i r  im p o r ta n c e  t h e n  r e s t s  in  m os t  c a s e s  on  t h e  s i z e  of th e  c o e f f i c i e n t .  
In g e n e r a l ,  m ost  p h e n o ty p ic  c o r r e l a t io n  c o e f f i c i e n t s  t h a t  a re  be lo w  0 . 4  
a re  c o n s i d e r e d  to  b e  of  l i t t l e  p r a c t i c a l  i m p o r t a n c e ,  w h i l e  t h o s e  th a t  
a re  a b o v e  0 . 4  c a n  u s u a l l y  b e  c o n s i d e r e d  to  b e  of  p r a c t i c a l  im p o r t a n c e .  
The h ig h e r  t h e  c o r r e l a t i o n  c o e f f i c i e n t s  t h e  more im p or tan t  t h e y  b e c o m e .  
The o n ly  d i f f e r e n c e  in  in te r p r e t in g  t h e  tw o  c o e f f i c i e n t s  i s  t h a t  t h e  
g e n e t i c  o n e  a lw a y s  h a s  to  be  c o n s i d e r e d  in  r e l a t i o n  to  t h e  p h e n o ty p ic  
o n e »
To s tu d y  so m e  of t h e  p o s s i b l e  a s s o c i a t i o n s  t h a t  might e x i s t  among 
som e  of  t h e  c h a r a c t e r s  s t u d i e d  a nd  th r e e  o th e r  c h a r a c t e r s  s t u d i e d  by 
th e  tw o  o th e r  w o r k e r s  on  th e  sa m e  F 2  p o p u l a t i o n ,  p h e n o ty p ic  c o r r e l a t i o n  
c o e f f i c i e n t s  w e re  d e te rm in e d  for e ig h t  c o m b in a t io n s  of t h e s e  t r a i t s .  
T h e s e  c o m b in a t io n s  of  t r a i t s  w e re  s e l e c t e d  b e c a u s e  i t  w a s  th o u g h t  t h a t  
an y  p r e s e n c e  or a b s e n c e  of a n  a s s o c i a t i o n  b e t w e e n  t h e  t r a i t s  in  th em  
c o u ld  b e  o f ' s o m e  p r a c t i c a l  im p o r t a n c e  t o  r i c e  b r e e d e r s .  Two of t h e  
e ig h t  c o m b in a t io n s  of t r a i t s  w e re  i n v e s t i g a t e d  fu r the r  by  d e te rm in ing  
t h e i r  g e n e t i c  c o r r e l a t io n  c o e f f i c i e n t s .  The p h e n o ty p ic  and  g e n e t i c
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Tab le  13. The p h e n o ty p ic  a n d  g e n e t i c  c o r r e l a t io n  c o e f f i c i e n t s  in  s e v e r a l  
c o m b in a t io n s  of t r a i t s  i n  the  F 2  •
C o m b in a t io n  of T ra i t s
P h e n o ty p ic
C o r r e l a t i o n
C o e f f i c i e n t
G e n e t i c
C o r r e l a t i o n
C o e f f i c i e n t
1 ) S p i k e le t  l e n g th  an d  s p i k e l e t  b r e a d t h . - 0 . 2 3 * * - ^ - 0 . 3 0 * *
2 ) S p i k e le t  l e n g th  an d  d a t e  of h a r v e s t . + 0 . 1 8 * 2 / -----
3) S p ik e le t  b r e a d th  a n d  d a t e  of  h a r v e s t . - 0 . 2 2 ------
4) S p ik e le t  l en g th  a nd  a lk a l i - k i ig e s t i o n  
i n d i c e s . - 0 . 1 1 ------
5) S p ik e le t  l e n g th  a nd  i o d i n e - b l u e  
t r a n s m i s s i o n  v a l u e s . + 0 .0 8 ------
6 ) S p ik e le t  b re a d th  a nd  a l k a l i - d i g e s t i o n  
v a l u e s . + 0 .0 5 ------
7) S p i k e le t  b r e a d th  a nd  i o d i n e - b l u e  
t r a n s m i s s i o n  v a l u e s . - 0 . 0 7 ------
8 ) P a n i c l e  l eng th  a n d  p la n t  h e i g h t . + 0 .4 3 * * + 0 .6 7 * *
1/  -**  -  s i g n i f i c a n t  a t  t h e  1% l e v e l  of  P ro b a b i l i t y .  
2 / _ *  _ s i g n i f i c a n t  a t  t h e  5% l e v e l  of P r o b a b i l i t y .
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c o r r e l a t io n  c o e f f i c i e n t s  a re  p r e s e n t e d  in  t a b u l a r  form in  T ab le  13. The 
r e s u l t s  for e a c h  c o m b in a t io n  of t r a i t s  w i l l  b e  d i s c u s s e d  s e p a r a t e l y .
1) S p ik e le t  l e n g th  a n d  s p i k e l e t  b r e a d t h .
The p h e n o ty p ic  c o r r e l a t i o n  c o e f f i c i e n t  b e tw e e n  s p i k e l e t  l e n g th  
a n d  s p i k e l e t  b r e a d t h  w a s  d e te r m in e d  for 399 F 2  p l a n t s .  A h igh ly  s i g n i ­
f i c a n t  c o r r e l a t i o n  c o e f f i c i e n t  of - 0 , 2 3  w a s  o b t a i n e d .  The g e n e t i c  
c o r r e l a t i o n  c o e f f i c i e n t  b e t w e e n  t h e s e  t r a i t s  w a s  a l s o  d e te rm in e d  and  
found  to  b e  a  h ig h ly  s i g n i f i c a n t  - 0 . 3 0 .
Both c o r r e l a t io n  c o e f f i c i e n t s  a re  of t h e  s a m e  n a t u r e .  That  i s ,  
t h e  lo n ger  t h e  s p i k e l e t  t h e  na r ro w er  th e  s p i k e l e t  t e n d s  to  b e .  This  i s  
t h e  s a m e  r e l a t i o n s h i p  b e t w e e n  t h e  s p i k e l e t  d im e n s io n s  a s  t h a t  found 
in  t h e  p a r e n t a l  v a r i e t i e s .  C o l u s a  h a s  sho r t  a n d  b road  s p i k e l e t s  w h i l e  
N ira  h a s  long a n d  narrow s p i k e l e t s .
Though t h e  g e n e t i c  c o r r e l a t i o n  c o e f f i c i e n t  i s  s l i g h t ly  h ig h e r  t h a n
t h e  p h e n o ty p ic  o n e ,  th e y  a re  e s s e n t i a l l y  t h e  s a m e .  This  i n d i c a t e s  t h a t  
t h e  p h e n o ty p ic  c o r r e l a t io n  c o e f f i c i e n t  r e p r e s e n t s  a lm o s t  e n t i r e ly  a 
g e n e t i c  r e l a t i o n s h i p  b e t w e e n  th e  l en g th  a nd  b r e a d t h .  This  i s  not  
s u rp r i s in g  in  v iew  of t h e  f a c t  t h a t  bo th  d i m e n s i o n s  w e r e  found  to  be  
i n f lu e n c e d  on ly  s l i g h t ly  by e n v i ro n m e n t .  The s m a l l  d i f f e r e n c e  b e tw e e n  
t h e  c o r r e l a t io n  c o e f f i c i e n t s  c o u ld  be  a t t r ib u t e d  e i t h e r  to  c h a n c e  or  t o  a  
s l i g h t  p o s i t i v e  a s s o c i a t i o n  b e t w e e n  l e n g th  and  b r e a d th  th rough  th e  
e f f e c t s  of e n v i r o n m e n t .  Common e n v i ro n m e n ta l  e f f e c t s  c o u ld  h a v e  
m ade  bo th  d i m e n s i o n s  i n c r e a s e  a n d  d e c r e a s e  t o g e t h e r .
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The g e n e t i c  c o r r e l a t io n  c o e f f i c i e n t  w a s  h igh ly  s i g n i f i c a n t ,  i n d ic a t i n g  
t h a t  a r e a l  g e n e t i c  a s s o c i a t i o n  b e tw e e n  s p i k e l e t  l e n g th  and  s p i k e l e t  b re a d th  
e x i s t e d .  A s c a t t e r  d iag ram  for t h e s e  tw o  t r a i t s  w a s  p re p a re d  a n d  i s  p r e ­
s e n t e d  in  Figure  5 .  This  d iag ram  sh o w s  t h a t  t h e  a s s o c i a t i o n  b e tw e e n  
t h e s e  t r a i t s  w a s  not ve ry  s t r o n g ,  e s p e c i a l l y  in  t h o s e  p l a n t s  hav ing  i n t e r ­
m ed ia te  s p i k e l e t  l e n g t h s  or i n t e r m e d ia t e  s p i k e l e t  b r e a d t h s . W i th in  th e  
l im i ts  of in te r m e d ia t e  s p i k e l e t  l e n g th s  and  b r e a d t h s ,  t h e r e  w a s  a  g re a t  
d e a l  of v a r i a t i o n .  Among p l a n t s  h av ing  i n te r m e d ia t e  s p i k e l e t  l e n g th s  
th e re  w a s  a  v a r i a t i o n  in  b r e a d t h s  c o v e r in g  most  of t h e  r a n g e  b e tw e e n  
th e  p a r e n t a l  b rea d th  e x t r e m e s ,  a n d  among p l a n t s  hav ing  in te r m e d ia te  
s p i k e l e t  b r e a d t h s  t h e r e  w a s  a v a r i a t i o n  of l e n g t h s  c o v e r in g  most  of 
th e  ran g e  b e tw e e n  t h e  p a re n t a l  l en g th  e x t r e m e s .
The a s s o c i a t i o n  b e tw e e n  l e n g th  a n d  b rea d th  s e e m s  to  b e  much 
s t ro n g e r  among p l a n t s  w i th  long s p i k e l e t s .  As c a n  b e  s e e n  in  Figure  5 ,  
most of t h e  F 2  p l a n t s  h a v in g  long s p i k e l e t s ,  a p p ro a c h in g  th a t  of th e  
Nira  p a r e n t ,  h ad  r e l a t i v e l y  narrow b r e a d t h s .  In t h o s e  p l a n t s  w ith  
shor t  s p i k e l e t s ,  a p p ro a c h in g  th a t  of th e  C o l u s a  p a r e n t ,  t h e  a s s o c i a ­
t io n  a l s o  s e e m e d  to  be  s t r o n g ,  th o u g h  not to  t h e  e x te n t  found  in  t h o s e
1 »
p l a n t s  w i th  long s p i k e l e t s .  Another  i n d i c a t i o n  of t h e  r e l a t i v e  s t r e n g th  
of  t h i s  a s s o c i a t i o n  a t  t h e  e x t r e m e s  of  s p i k e l e t  l e n g th  w a s  t h a t  no F 2  
p l a n t s  w e r e  found in  w h ic h  w e re  c o m b in ed  th e  s p i k e l e t  l e n g th  of Nira  
w i th  t h e  b ro ad  b r e a d th  of C o l u s a ,  o r ,  t h e  l e n g th  of C o l u s a  with  t h e  
b rea d th  of  N i r a .  There  w e r e  ex t re m e ly  few F 2  p l a n t s  w h ic h  e v en  
a p p ro a c h e d  t h e s e  p a re n t a l  r e c o m b in a t io n s .
Although It c a n n o t  b e  d e te rm in e d  d e f i n i t e l y ,  th e  r e s u l t s  a b o v e  
s u g g e s t  t h a t  t h e  g e n e t i c  a s s o c i a t i o n  b e tw e e n  s p i k e l e t  l en g th  and  s p i k e l e t  
b re a d th  w a s  p ro b ab ly  du e  to  g e n e  l in k a g e  r a th e r  t h a n  d u e  t o  p l e i o t r o p i o  
g e n e  e f f e c t s .  If p le io t ro p y  w e r e  t h e  c a u s e ,  a  much c l o s e r  a s s o c i a t i o n  
b e tw e e n  th e  s p i k e l e t  d im e n s io n s  w o u ld  h a v e  b e e n  e x p e c t e d ,  and  e v e n  
th o ug h  t h e r e  a p p e a r s  to  b e  a r e l a t i v e l y  c l o s e  a s s o c i a t i o n  b e t w e e n  long 
s p i k e l e t  l e n g th  a n d  narrow b r e a d t h ,  t h e r e  w a s  no s u c h  c l o s e  a s s o c i a t i o n  
in  t h o s e  p l a n t s  h a v in g  i n t e r m e d i a t e  l e n g t h s  or b r e a d t h s .  This  r e l a t i v e  
l a c k  of  a s s o c i a t i o n ,  in  t h o s e  p l a n t s  w i th  i n te r m e d i a t e  l e n g th s  or 
b r e a d t h s ,  c a n  p ro b ab ly  b e s t  b e  e x p la in e d  th ro u g h  a n  a s s o c i a t i o n  due  
to  l in k a g e  in  w h ic h  c r o s s i n g - o v e r  o c c u r r e d  to  permit  t h e s e  r e c o m b in a ­
t i o n s  of s p i k e l e t  d i m e n s i o n s .
The r e l a t i v e l y  low c o r r e l a t i o n  c o e f f i c i e n t s  w o u ld  s u g g e s t  t h a t  
t h i s  a s s o c i a t i o n  b e tw e e n  th e  s p i k e l e t  d im e n s io n s  w o u ld  not  t e n d  to  
m a te r i a l ly  im pede  r i c e  b r e e d e r s  in  a t t e m p t s  t o  s e l e c t  for new s p i k e l e t  
d im e n s io n  c o m b i n a t i o n s ,  s u c h  a s  l o n g ,  b ro ad  s p i k e l e t s  or s h o r t ,  
narrow s p i k e l e t s ,  i f  t h e s e  w e re  d e s i r e d .  H o w e v e r ,  th o u gh  t h i s  
a s s o c i a t i o n  a p p e a r e d  to  b e  g e n e r a l l y  lo w ,  t h e  r e s u l t s  of t h e  s c a t t e r  
d iag ram  d id  s h o w ,  a s  a l r e a d y  p o in te d  o u t ,  t h a t  t h i s  a s s o c i a t i o n  
s e e m e d  to  be  r e l a t i v e ly  s t rong  in  t h o s e  p l a n t s  h av ing  long s p i k e l e t  
l e n g t h s ,  and  t h a t  t h i s  w a s  a l s o  th e  c a s e ,  but  to  a  l e s s e r  e x t e n t ,  in  
t h o s e  p l a n t s  h a v in g  sho r t  s p i k e l e t  l e n g t h s . T h u s ,  in  r e a l i t y  t h e  r e s u l t s  
s u g g e s t  t h a t  som e c o n s i d e r a b l e  d i f f i c u l ty  might be  e n c o u n te r e d  by r i c e
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b r e e d e r s  d e s i r in g  to  s e l e c t  for new  r e c o m b in a t io n s  of s p i k e l e t  d im e n ­
s i o n s .  This  w o u ld  p a r t i c u l a r l y  a p p ly  to  t h e  c o m b in a t io n  in v o lv in g  th e  
long s p i k e l e t  l e n g th  of N ira  w i th  t h e  b ro a d  s p i k e l e t  b re a d th  of C o l u s a .
On th e  o th e r  h a n d ,  t h e  r e s u l t s  a l s o  s u g g e s t  t h a t  t h i s  a s s o c i a t i o n ,  
not  w i th s t a n d i n g  t h e  low c o r r e l a t i o n  c o e f f i c i e n t s ,  c o u ld  b e  of  s u b ­
s t a n t i a l  h e lp  to  r i c e  b r e e d e r s  i n  m a in ta in in g  t h e  r i c e  s p i k e l e t  d i m e n ­
s i o n s  of m ost  e x i s t i n g  v a r i e t i e s  a n d  in  r e c o v e r in g  t h e  u s u a l  p a r e n t a l  
s p i k e l e t  d im e n s io n  c o m b in a t io n s  of long a n d  narrow or shor t  a n d  b r o a d .  
M o s t  of th e  v a r i e t i e s  g row n  t h e  w o r ld  o v e r  h a v e  o n e  or t h e  o th e r  of 
t h e s e  s p i k e l e t  d im e n s io n  c o m b i n a t i o n s .  T h u s ,  t h i s  a s s o c i a t i o n  c a n  
be  of  a s s i s t a n c e  in  most  b r e e d in g  p rog ram s  of  r i c e ,  w h e re  s e l e c t i o n  
for th e  s p i k e l e t  d i m e n s i o n s  w i l l  b e  a im ed  a t  p r e s e r v in g  t h e  u s u a l  lo c a l  
c o m b in a t io n  of l e n g th  and  b r e a d t h .
T h is  a s s o c i a t i o n  w o u ld  a l s o  b e  b e n e f i c i a l  to  s e l e c t i o n  p rogram s 
d e a l in g  w i th  h y b r id iz a t io n  w o r k ,  in v o lv in g  v a r i e t i e s  w i th  c o n t r a s t i n g  
s p i k e l e t  d i m e n s i o n s .  The r e s u l t s  show  t h a t  t h i s  a s s o c i a t i o n  w o u ld  
h e lp  i n  r e c o v e r in g  e i t h e r  of t h e  p a r e n t a l  s p i k e l e t  d im e n s io n  c o m b i n a ­
tions,  e s p e c i a l l y  t h a t  in v o lv in g  lo n g ,  narrow s p i k e l e t s .  This  w o u ld  
m ean  t h a t  a  s m a l l e r  F 2  p o p u la t i o n  t h a n  u s u a l  w o u ld  b e  re q u i r e d  to  
f ind  t h e  d e s i r e d  p a r e n t a l  c o m b i n a t i o n s  o f  s p i k e l e t  l e n g th  and  b r e a d t h .  
This  i s  p a r t i c u l a r l y  im p o r tan t  in  h y b r i d i z a t i o n  p rogram s b e tw e e n  
i a p o n i c a  a n d  i n d ic a  ty p e  v a r i e t i e s , a t  t h e  e n d  of  w h ic h  t h e  r i c e  
b r e e d e r  w o u ld  w a n t  to  r e c o v e r  a n  im proved  v e r s i o n  of e i t h e r  o ne  or
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Figure 5 .  S c a t te r  diagram showing the  a s s o c i a t io n  be tw ee n  sp ike le t  leng th  and  sp ik e le t  breadth  
in  th e  F2 .
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t h e  o th e r  ty p e :  t h e  i n d l c a  ty p e  v a r i e t i e s  u s u a l ly  h a v e  l o n g ,  s l e n d e r  
s p i k e l e t s  w h i l e  t h e  1 a p o n lc a  ty p e  v a r i e t i e s  u s u a l l y  h a v e  s h o r t ,  b ro ad  
s p i k e l e t s .  As su c h  h y b r id iz a t i o n  p rogram s h a v e  b e e n  i n c r e a s i n g l y  
im por tan t  in  r e c e n t  y e a r s ,  t h i s  a s s o c i a t i o n  t a k e s  on  an  ad d ed  
i m p o r t a n c e .
2) S p ik e le t  l en g th  a nd  d a t e  of h a r v e s t .
The p h e n o ty p ic  c o r r e l a t i o n  c o e f f i c i e n t  b e tw e e n  s p i k e l e t  l en g th  
and  d a t e  of h a r v e s t  w a s  d e te rm in e d  for  399 ? 2  p l a n t s .  A low but s i g n i ­
f i c a n t  c o r r e l a t i o n  c o e f f i c i e n t  of  + 0 . 1 8  w a s  o b t a i n e d ,  s u g g e s t i n g  th a t  
t h e s e  t r a i t s  a re  a s s o c i a t e d  in  s u c h  a w a y  t h a t  l a t e  matur ing  p l a n t s  
t e n d e d  to  h a v e  lo n g e r  s p i k e l e t s  t h a n  e a r ly  matur ing o n e s .  This i s  
t h e  s a m e  r e l a t i o n s h i p  b e tw e e n  t h e s e  c h a r a c t e r s  a s  t h a t  found  in  the  
p a r e n t a l  v a r i e t i e s .  N ira  h a s  long s p i k e l e t s  and  m a tu re s  l a t e r  t h a n  
C o l u s a ,  w h ic h  h a s  sho r t  s p i k e l e t s .
It w a s  not  p o s s i b l e  t o  o b ta in  a  m ean in g fu l  g e n e t i c  c o r r e l a t io n  
c o e f f i c i e n t  b e tw e e n  t h e s e  tw o  t r a i t s .  The a v e r a g e  v a r i a n c e  of th e  
p a r e n t a l  p o p u la t io n s  for e a c h  of th e  t r a i t s  i s  u s e d  in  t h e  formula  for 
c a l c u l a t i n g  t h e  g e n e t i c  c o r r e l a t i o n  c o e f f i c i e n t .  S in c e  a l l  p l a n t s  of 
*a p a re n t  w e r e  h a r v e s t e d  on  th e  sa m e  d a t e ,  no m e a s u r e  of  t h e  v a r i a n c e  
of  d a te  of h a r v e s t  w i th in  th e  p a r e n t s  w a s  p o s s i b l e .  H o w e v e r ,  e a c h  of 
t h e s e  c h a r a c t e r s  w a s  a f f e c t e d  to  on ly  a sm a l l  d e g re e  by e n v i ro n m e n t .  
C o n s e q u e n t l y ,  it s e e m s  p r o b a b le  t h a t  t h e  low p h e n o ty p ic  a s s o c i a t i o n  
found  in  t h e  s tud y  w a s  due  l a r g e ly  or e n t i r e ly  to  g e n e t i c  c o r r e l a t i o n .
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As a s c a t t e r  d iag ram  w o u ld  h a v e  b e e n  i m p r a c t i c a l ,  d u e  to  th e  f ac t  
t h a t  d a te  of  h a r v e s t  h ad  on ly  th r e e  v a l u e s ,  a f r e q u e n c y  d i s t r ib u t io n  of 
s p i k e l e t  l e n g t h s  for e a c h  of th e  d a t e s  of h a r v e s t  w a s  p re p a re d  and  p r e ­
s e n t e d  in  T ab le  14.  The r e s u l t s  of t h e s e  f re q u e n c y  d i s t r i b u t i o n s  c o n ­
firm what t h e  low p h e n o ty p ic  c o r r e l a t io n  c o e f f i c i e n t  i n d i c a t e d ,  nam ely  
t h a t  an  a s s o c i a t i o n  w a s  p r e s e n t  b u t  t h a t  i t  w a s  r e l a t i v e ly  ve ry  w e a k .  
The a s s o c i a t i o n  d id  not s e e m  s t rong  e n o u gh  to  p re v e n t  a  r e c o m b in a t io n  
of t h e  p a r e n t a l  t r a i t s  in  t h e  F 2 .
The p r e s e n c e  of t h e  a s s o c i a t i o n  i s  more  a p p a re n t  in  t h o s e  p l a n t s  
w i th  r e l a t i v e ly  long s p i k e l e t s ,  t h o s e  o v e r  9 . 5  mm. That  t h e r e  w e r e ,  
p ro p o r t io n a l ly ,  more F 2  p l a n t s  w i th  r e l a t i v e l y  long  s p i k e l e t  l e n g th s  
h a r v e s t e d  o n  S e p tem b er  26 t h a n  th e r e  w e r e  on  S e p tem b er  4 a n d  9 w a s  
p ro b ab ly  due  to  t h e  low g e n e t i c  a s s o c i a t i o n  p r e s e n t .  H o w e v e r ,  a s  
c a n  be  s e e n  from T ab le  14,  th e r e  w e r e  q u i t e  a  few in d iv id u a l  F 2  p l a n t s  
w i th  r e l a t i v e ly  long s p i k e l e t  l e n g t h s ,  ove r  9 . 5  m m . ,  w h ic h  m atured  
e a r ly  e n o u g h  to  h a v e  b e e n  h a r v e s t e d  e i t h e r  on  S e p te m b e r  4 or 9 ,  a n d  
w h ic h  th u s  h a v e  t h e  sa m e  t im e  of m atur i ty  a s  th e  C o l u s a  p a r e n t .
T h e s e  w e r e  not a s  many a s  t h o s e  h a r v e s t e d  on S e p te m b e r  26 ,  due  to  
t h e  a s s o c i a t i o n ,  bu t  s t i l l  e n o u g h  to  i n d i c a t e  t h a t  t h e r e  w a s  a  g e n e t i c  
re c o m b in a t io n  in  th e  F 2  o f  long s p i k e l e t  l e n g th  w i th  e a r ly  m a tu r i ty .
The a s s o c i a t i o n  a t  t h e  o th e r  ex t rem e  of s p i k e l e t  l en g th  s e e m s  
to  b e  e v e n  l e s s  p ro n o u n c e d .  There  w e r e ,  p ro p o r t io n a l ly ,  a lm o s t  a s  
many F 2  p l a n t s  w i th  shor t  s p i k e l e t  l e n g t h ,  l e s s  t h a n  7 . 9  mm. , 
h a r v e s t e d  o n  S e p tem b er  26 a s  th e r e  w e re  h a r v e s t e d  on  S e p tem b er  4 .
T h u s ,  a l th o u g h  th e  r e s u l t s  sho w  t h a t  a g e n e t i c  a s s o c i a t i o n  
b e tw e e n  s p i k e l e t  l e n g th  a nd  t im e  of  m atu r i ty  p ro bab ly  o c c u r r e d ,  th e  
f a c t  t h a t  i t  i s  of  a  low d e g re e  g i v e s  i t  c o n s i d e r a b l e  im p o r ta n c e  to  
r i c e  b r e e d e r s .  For som e t im e ,  o n e  of t h e  m ain  b re e d in g  o b j e c t i v e s  
in  t h e  U n i t e d  S t a t e s  h a s  b e e n  to  d e v e lo p  e a r ly  matur ing  long g ra in  
v a r i e t i e s .  V a r ie t i e s  t h a t  t a k e  l e s s  t im e  to  m ature  a re  l e s s  s u b j e c t  to  
i n s e c t  a n d  d i s e a s e  d a m a g e ,  a re  l e s s  l i k e ly  t o  b e  d a m a g e d  by  f ro s t  if 
so w n  l a t e  in  th e  s p r i n g ,  a n d  h e re  in  t h e  G u lf  r e g io n  of  th e  U n i ted  
S t a t e s ,  t h e y  w ou ld  be  l e s s  l ik e ly  to  su f fe r  from e x trem e  lodg ing  due  
to  h ig h  w in d s  and  h u r r i c a n e  w e a t h e r  during O c to b e r  a n d  t h e  l a s t  p a r t  of 
S e p te m b e r .  This  o b j e c t i v e  h a s  not  b e e n  met s a t i s f a c t o r i l y .
The r e s u l t s  in  t h i s  c r o s s  i n d i c a t e  t h a t  t h i s  low g e n e t i c  a s s o c i a ­
t i o n  w o u ld  not h in d e r  t h e  r i c e  b r e e d e r  in  t h e  U n i ted  S t a t e s  in  combin ing  
th e  d e s i r a b l e  c h a r a c t e r s  of  long s p i k e l e t  l e n g th  and  e a r ly  m a tu r i ty .  As 
c a n  be  s e e n  from T ab le  14,  t h e r e  w e r e  3 F 2  p l a n t s  w h ic h  h ad  s p i k e l e t s  
e s s e n t i a l l y  a s  long a s  N ira  a n d  w h ic h  m atured  a t  t h e  s a m e  t im e  a s  
C o l u s a .  It  s e e m s  p ro b a b le  t h a t  a t  l e a s t  one  of t h e s e  r e p r e s e n t s  a  
g e n e t i c  r e c o m b in a t io n  of th e  Nira  s p i k e l e t  l e n g th  w ith  t h e  e a r ly  m atur i ty  
of C o l u s a .  The r e s u l t s  a l s o  s e e m  t o  i n d i c a t e  t h a t  th e  p rob lem  i s  not  so  
much one  of  f ind ing  t h i s  r e c o m b in a t io n ,  a s  o n e  of f inding  enough  Nira  
s p i k e l e t  l e n g th  r e c o v e r i e s  in  t h e  F 2 . Even among th e  l a t e  matur ing  
p l a n t s ,  t h e r e  w e r e  only  4 F2  p l a n t s  w h ic h  h a d  s p i k e l e t  l e n g t h s  e s s e n -  ‘ 
t i a l l y  th e  s a m e  a s  N i ra .
fTable 14. Frequency d i s t r ib u t io ns  of sp ik e le t  l e n g th ,  at  0 .2  mm. c l a s s  i n t e r v a l s ,  for th e  th re e  h a rv es t  
d a te s  in  the  popu la t ion .  (Mean sp ike le t  length  of N ira— 10.15 m m .# mean sp ik e le t  length  
of C o l u s a — 7.1>7 mm.)
D a te  of No.  of No. of P lan ts  in  Each of the  Following Sp ike le t  Length C l a s s e s
Harves t P lan ts 7 .6  7 .8  8 . 0 8 . 2 8 .4 8 . 6 8 . 8 9 .0  9 .2 9 .4 9 . 6  9 . 8  1 0 .0  10.2
S e p t .  4 213
i
6  16 22 32 44 41 25 6 7 4 7 3
S e p t .  9 20 1 1 1 3 4 5 3 1 1
S e p t .  26 166 1 2 5 9 23 23 32 27 15 8 12 5 2 1 2
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Although a r e c o m b in a t io n  of sh o r t  s p i k e l e t  l e n g th  a n d  l a t e  m a tu r i ty  
w o u l d  be  u n d e s i r a b l e ,  t h e  r e s u l t s  i n d i c a t e  t h a t ,  i f  e v e r  i t  w e r e  d e s i r e d ,  
s u c h  a c o m b i n a t i o n  c o u ld  a l s o  b e  r e c o v e r e d  w i th  t h e  s a m e  e a s e ,  e x c e p t  
a g a i n  for t h e  p rob lem  of  r e c o v e r i n g  a v e ry  sh o r t  s p i k e l e t  l e n g th  i n  t h e  
f i r s t  p l a c e .
B e c a u s e  t h i s  p o s s i b l e  a s s o c i a t i o n  b e t w e e n  s p i k e l e t  l e n g th  a n d  
t im e  of m a tu r i ty  i s  so  im p o r t a n t ,  d u e  to  t h e  i m p o r t a n c e  o f  e a c h  of 
t h e s e  t r a i t s ,  i t  might  b e  w o r th w h i l e  for o th e r  w o r k e r s  to  p u r s u e  t h i s  
a s s o c i a t i o n  f u r t h e r ,  by s t u d y in g  i t  i n  o th e r  c r o s s e s  and  e s p e c i a l l y  by 
o b t a i n i n g  more a c c u r a t e  d a t a  o n  t im e  of m a tu r i t y .  The l a s t  i s  i m p o r t a n t ,  
a s  t h e  d a t e s  of h a r v e s t ,  u s e d  in  d e te r m in in g  t h e  p h e n o ty p i c  c o r r e l a t i o n
c o e f f i c i e n t  o b t a i n e d ,  g iv e  o n ly  a r e l a t i v e  i n d i c a t i o n  of t h e  r e a l  t im e  
of m a tu r i ty  for  t h e  i n d i v i d u a l  p l a n t s  in  t h e  s e g r e g a t i n g  F 2  g e n e r a t i o n .
3) S p i k e l e t  b r e a d t h  a n d  d a t e  of  h a r v e s t .
The p h e n o ty p i c  c o r r e l a t i o n  c o e f f i c i e n t  b e t w e e n  s p i k e l e t  b r e a d th  
a nd  d a t e  of  h a r v e s t  w a s  d e te r m in e d  for 399 F 2  p l a n t s .  A h ig h ly  s i g n i ­
f i c a n t  c o r r e l a t i o n  c o e f f i c i e n t  of - 0 . 2 2  w a s  o b t a i n e d ,  s u g g e s t i n g  t h a t  
t h e  e a r l i e r  t h e  m a tu r i ty  o f  a  p l a n t  t h e  b r o a d e r  t h e  s p i k e l e t s  on  i t  
w o u l d  t e n d  to  b e .  T h is  i s  t h e  s a m e  r e l a t i o n s h i p  a s  t h a t  found  in  th e  
p a r e n t a l  v a r i e t i e s .  N i ra  h a s  narrow s p i k e l e t s  a n d  t a k e s  lo n g e r  to  
m atu re  t h a n  C o l u s a ,  w h ic h  h a s  b ro a d  s p i k e l e t s .
It w a s  not  p o s s i b l e  to  o b t a i n  a m e a n in g fu l  g e n e t i c  c o r r e l a t i o n  
c o e f f i c i e n t  b e t w e e n  s p i k e l e t  b r e a d th  a n d  d a t e  of  h a r v e s t  for t h e  s a m e
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r e a s o n s  t h a t  o n e  c o u ld  no t  b e  o b t a i n e d  b e t w e e n  s p i k e l e t  l e n g th  and  
d a t e  o f  h a r v e s t .  H o w e v e r ,  th o u g h  i t  i s  not  p o s s i b l e  t o  d e te r m in e  
d e f i n i t e l y  from t h e  r e s u l t s ,  t h e  h ig h ly  s i g n i f i c a n t  c o r r e l a t i o n  c o e f ­
f i c i e n t  b e t w e e n  s p i k e l e t  b r e a d t h  a n d  d a t e  of  h a r v e s t  s u g g e s t s  t h a t
a  low g e n e t i c  a s s o c i a t i o n  b e t w e e n  t im e  of  m a tu r i ty  an d  s p i k e l e t  
b r e a d t h  e x i s t e d .
A f r e q u e n c y  d i s t r i b u t i o n  of s p i k e l e t  b r e a d t h s  for e a c h  of  th e  
d a t e s  of h a r v e s t  w a s  p r e p a r e d  a n d  p r e s e n t e d  in  T a b le  15.  It i s  a p p a r e n t  
from t h i s  t a b l e  t h a t  t h e  a s s o c i a t i o n  b e t w e e n  s p i k e l e t  b r e a d t h  a n d  d a t e  
o f  h a r v e s t  w a s  i n d e e d  s t r o n g e r  t h a n  t h a t  b e t w e e n  s p i k e l e t  l e n g t h  and  
d a t e  o f  h a r v e s t .  T h is  a s s o c i a t i o n  s e e m e d  to  b e  e s p e c i a l l y  s t ro n g  at  
t h e  narrow  s p i k e l e t  b r e a d t h s .
As c a n  be  s e e n  in  T a b le  15,  t h e r e  a re  on ly  9 F 2  p l a n t s  t h a t  w e r e  
h a r v e s t e d  on  e i t h e r  S e p te m b e r  4 o r  9 ,  t h a t  h a v e  r e l a t i v e l y  narrow 
s p i k e l e t s ,  u n d e r  3 . 0  mm. , and  t h a t  n o n e  of t h e s e  c o u ld  be  c o n s i d e r e d  
a s  p o s s i b l e  r e c o v e r i e s  of  th e  N ira  s p i k e l e t  b r e a d t h .  H o w e v e r ,  t h e r e  
w e r e  2 1  F 2  p l a n t s ,  w h ic h  h a d  s u c h  r e l a t i v e l y  narrow  s p i k e l e t s ,  among 
t h o s e  h a r v e s t e d  S e p te m b e r  2 6 ,  out  of w h i c h  a b o u t  9 w e r e  p o s s i b l e  
r e c o v e r i e s  of  t h e  N ira  s p i k e l e t  b r e a d t h .  T h u s ,  a p p a r e n t l y  t h e  a s s o c i a -
i
• t i o n ,  b e t w e e n  t h e  tw o  t r a i t s  i n v o l v e d ,  w a s  s t ro n g  e n o u g h  to  h in d e r  a 
r e c o m b i n a t i o n  in v o lv in g  t h e  N ira  s p i k e l e t  b r e a d t h  a n d  t h e  e a r l y  v 
m a tu r i ty  o f  C o l u s a .
1Table 15. Frequency d i s t r ib u t io n s  of sp ik e le t  b re a d th ,  at  0 . 1  mm. c l a s s  i n t e r v a l s ,  for the  th ree  h a rv e s t  
d a te s  in  th e  F2  popu la t ion .  (Mean sp ik e le t  b read th  of  C o l u s a — 3.82f mean s p ik e le t  brea th  
of N ira— 2 . 7 8 . )
Date  of No.  of No. of P lan ts  in  Each of the  Following Sp ike le t  Length C l a s s e s
Harves t Plan ts 2 .65  2 .75  2 .85  2 .95  3 .05 3 .1 5 3 .2 5 3 .3 5 3 .45 3 .5 5 3 .6 5  3 .7 5  3 .85
S e p t .  4 .213 9 30 54 36 30 •23 2 2 7 1 1
S e p t .  9 : 2 0 3 6 3 3 3 2
S ep t .  26 166 1 2  6  1 2  28 46 30 2 0 1 1 6 4
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T h e*resu l ts  in  T ab le  15 a l s o  show th a t  p ro p o r t io n a l ly ,  t h e r e  
w e re  a s  many F 2  p l a n t s  w i th  r e l a t i v e ly  b ro ad  s p i k e l e t s ,  a b o v e  3 .6  
m m . , among t h o s e  h a r v e s t e d  l a t e  a s  among t h o s e  h a r v e s t e d  e a r l y .
The a s s o c i a t i o n  t h u s  s e e m s  to  be  r e l a t i v e ly  w e a k  in  t h o s e  p l a n t s  w ith  
b ro a d  s p i k e l e t s .  There  w e r e  no new r e c o m b in a t io n s  in v o lv in g  th e  
C o l u s a  b r e a d t h ,  a s  th e r e  w e r e  no app re n t  C o l u s a  s p i k e l e t  b r e a d th  
r e c o v e r i e s  among e i t h e r  t h o s e  p l a n t s  h a r v e s t e d  e a r ly  or t h o s e  
h a r v e s t e d  l a t e .
The r e s u l t s  show  t h a t ,  not  w i th s t a n d i n g  t h e  low p h e n o ty p ic  
c o r r e l a t io n  c o e f f i c i e n t  b e tw e e n  s p i k e l e t  b r e a d th  a n d  d a te  of  h a r v e s t ,  
so m e  d i f f ic u l ty  c a n  be  e x p e c t e d  by r i c e  b r e e d e r s  in  a n  a t t e m p t  to  c o m ­
b in e  t h e  narrow s p i k e l e t  b re a d th  of Nira  w i th  th e  ea r ly  m atur i ty  of 
C o l u s a .
4) S p ik e le t  l e n g th  a nd  a l k a l i - d i g e s t i o n  i n d e x .
The p h e n o ty p ic  c o r r e l a t io n  c o e f f i c i e n t  b e tw e e n  s p i k e l e t  l en g th  
an d  a l k a l i - d i g e s t i o n  i n d e x  w a s  d e te rm in e d  for 297 F 2  p l a n t s .  A lo w ,  
n o n - s i g n i f i c a n t  c o r r e l a t io n  c o e f f i c i e n t  of - 0 . 1 1  w a s  o b t a i n e d .  No
0
g e n e t i c  c o r r e l a t io n  c o e f f i c i e n t  b e tw e e n  t h e s e  tw o  t r a i t s  w a s  d e t e r ­
m in e d .  This  w a s  not th o ug h t  n e c e s s a r y  d u e  to  t h e  n o n s ig n i f i c a n t  
p h e n o ty p ic  c o r r e l a t io n  c o e f f i c i e n t  a nd  th e  h igh  h e r i t a b i l i t y  of bo th  • 
c h a r a c t e r s ,  s u g g e s t i n g  t h a t  th e r e  w a s  no g e n e t i c  a s s o c i a t i o n  b e tw e e n  ' 
t h e m .
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The r e s u l t s  of a l k a l i - d i g e s t i o n  t e s t s  on  r i c e  g r a i n s ,  e x p r e s s e d  
a s  i n d i c e s ,  a re  u s e d  to  o b ta in  a n  i n d ic a t i o n  of th e  t e m p e r a tu re  a t  w h ic h  
r i c e  e n d o sp e rm  s t a r c h  w i l l  g e l a t i n i z e ,  w h ic h  in  tu rn  i s  u s u a l ly  c l o s e l y  
a s s o c i a t e d  w i th  th e  cook ing  q u a l i t y  of r i c e .  That  i s ,  w h e th e r  th e  r i ce  
g r a i n s  cook  dry a n d  f laky  or w e t  a n d  s t i c k y .  The low er  t h e  i n d e x ,  t h e  
h ig h e r  t h e  t e m p e r a tu re  of g e l a t i n i z a t i o n  t e n d s  to  b e .  M o d e ra te ly  high 
t e m p e r a t u r e s  of g e l a t i n i z a t i o n  u s u a l l y  i n d i c a t e  t h a t  r i c e  g r a in s  w i l l  
cook  dry and  f l a k y ,  w h i l e  low t e m p e r a tu r e s  of g e l a t i n i z a t i o n  u s u a l ly  
i n d i c a t e  t h a t  r i c e  g r a in s  w i l l  cook  w e t  a n d  s t i c k y .  U n u s u a l ly  h igh  
t e m p e r a t u r e s  of g e l a t i n i z a t i o n  a re  a l s o  u n d e s i r a b l e  for a dry co ok ing  
r i c e .
T h u s ,  t h e  low a n d  n o n s i g n i f i c a n t  p h e n o ty p ic  c o r r e l a t io n  c o e f f i ­
c i e n t  b e tw e e n  s p i k e l e t  l en g th  and  a l k a l i - d i g e s t i o n  in d e x  s t ro ng ly  
s u g g e s t s  t h a t  t h e r e  i s  no g e n e t i c  a s s o c i a t i o n  b e tw e e n  s p i k e l e t  leng th  
and  t h e  c o o k in g  q u a l i t y  of r i c e  a s  a f f e c t e d  by t e m p e ra tu re  of g e l a t i n i z a ­
t i o n .
U n t i l  r e l a t i v e l y  r e c e n t l y ,  i t  w a s  a commonly  h e ld  b e l i e f  th a t  
long s p i k e l e t  l eng th  w a s  i n d ic a t i v e  of m od e ra te ly  h igh  t e m p e ra tu re  
of g e l a t i n i z a t i o n  and  of dry cook ing  q u a l i t y .  The r e s u l t s  of th e  p r e s e n t  
ex p e r im e n t  t e n d  to  confirm t h o s e  r e c e n t ly  o b t a i n e d  by o th e r  w o rk e r s  
t h a t  h a v e  s tu d i e d  th e  r e l a t i o n s h i p  b e tw e e n  s p i k e l e t  l e n g th  a n d  t h e  
t e m p e r a tu re  of g e l a t i n i z a t i o n  and  cook ing  q u a l i t y  of r i c e .
An a s s o c i a t i o n  b e tw e e n  s p i k e l e t  l en g th  a n d  t h e  co ok ing  q u a l i t y  
of r i c e  h a s  b e e n  p r e s u m e d  for a  long t im e  b e c a u s e  most  v a r i e t i e s  had
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e i t h e r  long s l e n d e r  g r a i n s  th a t  c o o k e d  dry or shor t  round s p i k e l e t s  th a t  
c o o k e d  s t i c k y .  T h e s e  a re  th e  c o m b in a t io n s  of s p i k e l e t  d im e n s io n s  
a n d  c o ok in g  q u a l i t y  of most  of t h e  v a r i e t i e s  b e lo n g in g  to  e i t h e r  t h e  
i n d i c a  or l a p o n i c a  ty p e  of v a r i e ty  g r o u p s , r e s p e c t i v e l y .  M ost  of
th e  i n d ic a  t y p e  v a r i e t i e s  h a v e  long g r a in s  w h o s e  s t a r c h  h a s  a m o d e ra te ly
h igh  t e m p e r a tu re  of  g e l a t i n i z a t i o n  a n d  c o o k s  d ry ,  w h i l e  most  of  th e  
j a o o n lc a  t y p e  v a r i e t i e s  h a v e  shor t  g r a in s  w h o s e  s t a rc h  h a s  a low 
t e m p e ra tu re  of g e l a t i n i z a t i o n  and  c o o k s  s t i c k y .
That  th e r e  i s  no g e n e t i c  a s s o c i a t i o n  b e tw e e n  s p i k e l e t  l e n g th  
and  t h e  a l k a l i - d i g e s t i o n  i n d e x ,  a n d  th u s  t h e  t e m p e ra tu re  of g e l a t i n i z a ­
t i o n ,  i s  of c o n s i d e r a b l e  p r a c t i c a l  im p o r ta n c e  to  r i c e  b r e e d e r s .  Rice 
b r e e d e r s  h a v e  to  d e v e lo p  v a r i e t i e s  t h a t  conform to  t h e  r i c e  c o n su m e rs  
p r e f e r e n c e s ,  w h ic h  c o in c id e  w i th  th e  two major c o m b in a t io n s  of 
s p i k e l e t  l e n g th  a n d  c o o k in g  q u a l i t y  found in  th e  tw o  major  g roups  
of r i c e  v a r i e t i e s .  T h u s ,  th e  r i c e  b r e e d e r  in  s e l e c t i n g  for long g ra in e d  
p l a n t s  w i th  a high t e m p e r a tu re  of g e l a t i n i z a t i o n  for dry cook ing  q u a l i t y ,  
or for sho r t  g r a in e d  p l a n t s  with  a low te m p e ra tu re  of g e l a t i n i z a t i o n  for 
s t i c k y  c o ok in g  q u a l i t y ,  c a n n o t  d e p e n d  on -a  s e l e c t i o n  for s p i k e l e t  
l e n g th  a lo n e  to  h e lp  him r e c o v e r  th e  d e s i r e d  t e m p e ra tu re  of  g e l a t i n i z a ­
t i o n ,  a s . w a s  u n t i l  r e c e n t l y  tho u gh t  p o s s i b l e .
_ T h e s e  re  s .u l t s . i n d ic a te  t h a t  r i c e  b r e e d e r s  J i a v e  to  s e l e c t  i n d e ­
p e n d e n t ly  for s p i k e l e t  l e n g th  and  t e m p e ra tu re  of g e l a t i n i z a t i o n  in  
o rd e r  to  be  a b le  to  m a in ta in  th e  favored  c o m b in a t io n s  of s p ik e le t
l e n g th  and  cook ing  q u a l i t y .  O t h e r w i s e ,  th e  r i c e  b r e e d e r  might  e a s i l y  
o b t a i n ,  e i t h e r  sh o r t  g r a in e d  p l a n t s  w i th  a  h igh  te m p e ra tu re  of g e l a t i n i ­
z a t i o n ,  or long g r a i n e d  p l a n t s  w i th  a low t e m p e r a tu re  of  g e l a t i n i z a t i o n ,  
w h ic h  a re  bo th  c o n s i d e r e d  to  be  u n d e s i r a b l e  c o m b i n a t i o n s .
T h e s e  r e s u l t s  a l s o  i n d i c a t e  t h a t  sh o u ld  r i c e  b r e e d e r s  w i s h ,  
t h e y  c o u ld  c om b ine  a low t e m p e ra tu re  of g e l a t i n i z a t i o n  w i th  long 
s p i k e l e t  l e n g t h ,  or shor t  s p i k e l e t  l en g th  w i th  high  t e m p e r a tu re  of 
g e l a t i n i z a t i o n .  H o w e v e r ,  a s  p o in te d  o u t ,  t h e s e  a re  now c o n s i d e r e d  
u n d e s i r a b l e  c o m b i n a t i o n s .
This  lack  of a s s o c i a t i o n  b e tw e e n  s p i k e l e t  l e n g th  and  t e m p e ra tu re  
of g e l a t i n i z a t i o n  g a i n s  ad d ed  im p o r tan c e  d u e  t o  t h e  i n c r e a s e d  h y b r id iz a  
t io n  e f fo r t s  be ing  made b e tw e e n  In d ic a  a n d  l a p o n i c a  t y p e  v a r i e t i e s .  In 
most  of  t h e s e  h y b r id iz a t i o n  p ro g ra m s ,  t h e  d e s i r e d  o b j e c t i v e  i s  to  
c om bine  a  d e s i r a b l e  ag ronom ic  c h a r a c t e r  of  th e  i a p o n i c a  p a re n t  w i th  
th e  s p i k e l e t  l e n g th  and  cook ing  b e h a v io u r  of t h e  in d ic a  p a r e n t .  T h u s ,  
in  o rder  to  r e c o v e r  th e  d e s i r e d  t e m p e r a tu re  of g e l a t i n i z a t i o n  and  th e  
d e s i r e d  s p i k e l e t  l e n g t h ,  s p e c i a l  c a re  h a s  t o  b e  e x e r c i s e d  to  s e l e c t  
for t h e s e  t r a i t s  i n d e p e n d e n t l y .
5) S p ik e le t  l e n g th  a n d  io f l i n e - b l u e - t r a n s m is s i o n  v a l u e .
The p h e n o ty p ic  c o r r e l a t io n  c o e f f i c i e n t  b e tw e e n  s p i k e l e t  l en g th
a nd  iodine~fcrlue t r a n s m i s s i o n  v a lu e  w a s  d e te r m in e d  for 297 F2  p l a n t s^
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A very  low and  n o n s ig n i f i c a n t  c o r r e l a t io n  c o e f f i c i e n t  of + 0 .0 8  w a s  
o b t a i n e d .  A g e n e t i c  c o r r e l a t io n  c o e f f i c i e n t  b e tw e e n  t h e s e  two t r a i t s
I l l
w a s  not d e te r m in e d ,  s i n c e  th e r e  w a s  o b v io u s ly  a l a c k  of  g e n e t i c  
a s s o c i a t i o n  b e tw e e n  th e m .
The r e s u l t s  of  i o d i n e - b l u e  t r a n s m i s s i o n  t e s t s  g iv e  v a lu e s  th a t  
a re  c o r r e l a t e d  w i th  t h e  r e l a t i v e  amount  of  a m y lo s e  s t a r c h  p r e s e n t  in 
t h e  r i c e  e n d o s p e r m ,  w h ic h  in  tu rn  i s  u s u a l l y  a s s o c i a t e d  w i th  th e  
cook ing  q u a l i t y  of r i c e .  The h ig h e r  th e  i o d i n e - b l u e  v a l u e s ,  th e  
h ig h e r  t h e  r e l a t i v e  amount  of a m y lo s e  s t a r c h  in  t h e  e n d o s p e r m .  
R e la t iv e ly  high  a m y lo s e  c o n te n t  in  r i c e  g r a i n s  u s u a l ly  i n d i c a t e s  th a t  
t h e  g r a i n s 'w i l l  cook  dry and  f l a k y ,  w h i l e  r e l a t i v e  low a m y lo s e  c o n te n t  
u s u a l ly  i n d i c a t e s  t h a t  r i c e  g r a in s  w i l l  cook  w e t  a n d  s t i c k y .
The low a n d  n o n s ig n i f i c a n t  c o r r e l a t io n  c o e f f i c i e n t  i n d i c a t e s  
t h a t  most  p ro b ab ly  no g e n e t i c  a s s o c i a t i o n  b e tw e e n  s p i k e l e t  l en g th  
a n d  i o d i n e - b l u e  v a lu e  e x i s t e d ,  a nd  th a t  t h e r e  w a s  t h u s  no a s s o c i a ­
t io n  b e tw e e n  s p i k e l e t  l en g th  a n d  th e  r e l a t i v e  amount  of a m y lo s e  s ta rch  
in  the  g r a i n s .  C o n s e q u e n t l y ,  t h e re  a l s o  i s  p robab ly  no g e n e t i c  
a s s o c i a t i o n  b e tw e e n  s p i k e l e t  l e n g th  and  t h e  co ok ing  q u a l i t y  of r i c e  
a s  a f f e c t e d  by a m y lo se  c o n t e n t .  T h e re fo re ,  t h e s e  r e s u l t s  a g re e  w i th  
t h o s e  o b ta in e d  from th e  p h e n o ty p ic  c o r r e l a t io n  c o e f f i c i e n t  b e tw e e n  
s p i k e l e t  l e n g th  a n d  a l k a l i - d i g e s t i o n  i n d e x .
This  l a c k  of a s s o c i a t i o n  b e tw e e n  s p i k e l e t  l e n g th  and  t h e  a m y lo s e  
c o n te n t  of r i c e  g r a in s  h a s  t h e  sa m e  im p o r tan c e  a s  t h a t  l a c k  of a s s o c i a ­
t io n  b e tw e e n  t e m p e ra tu re  of g e l a t i n i z a t i o n  and  s p i k e l e t  l e n g t h .  T h e s e  
r e s u l t s  i n d i c a t e  t h a t  it w o u ld  be  n e c e s s a r y  for r i c e  b r e e d e r s  to  s e l e c t
i n d e p e n d e n t ly  for  t h e  d e s i r e d  s p i k e l e t  l en g th  and  for t h e  d e s i r e d  
a m y lo s e  c o n te n t  of r i c e  g r a i n s ,  in  o rder  to  o b t a in  th e  d e s i r e d  c o m b i n a ­
t i o n  of s p i k e l e t  l en g th  a n d  c o o k in g  q u a l i t y  of r i c e .  This  w ou ld  a p p ly  
to  t h e  d e v e lo p m e n t  of new v a r i e t i e s ,  e s p e c i a l l y  t h o s e  d e v e lo p e d  in  
h y b r id iz a t io n  p rogram s b e t w e e n  v a r i e t i e s  of t h e  i n d i c a  and  l a o o n lc a  
g r o u p s .
6 ) S p ik e le t  b re a d th  and  a l k a l i - d i g e s t i o n  i n d e x .
The p h e n o ty p ic  c o r r e l a t io n  c o e f f i c i e n t  b e tw e e n  s p i k e l e t  b re a d th  
a n d  a l k a l i - d i g e s t i o n  i n d e x  w a s  d e te r m in e d  for 297 F 2  p l a n t s .  A n o n ­
s ig n i f i c a n t  c o r r e l a t io n  c o e f f i c i e n t  of  + 0 .0 5  w a s  o b t a i n e d .  No g e n e t i c  
c o r r e l a t io n  c o e f f i c i e n t  b e tw e e n  t h e s e  two t r a i t s  w a s  d e te r m in e d .
The p h e n o ty p ic  c o r r e l a t io n  c o e f f i c i e n t  b e tw e e n  t h e s e  c h a r a c t e r s  
w a s  very  low and  n o n s i g n i f i c a n t ,  i n d ic a t i n g  t h a t  most  p robab ly  th e r e  
i s  no g e n e t i c  a s s o c i a t i o n  b e tw e e n  s p i k e l e t  b re a d th  and  a l k a l i -  
d i g e s t i o n  in d e x  a n d  t h u s ,  no g e n e t i c  a s s o c i a t i o n  b e tw e e n  s p i k e l e t  
b re a d th  a n d  th e  t e m p e ra tu re  a t  w h ich  r i c e  e n d o sp e rm  s t a r c h  w i l l  
g e l a t i n i z e .  T h e re fo re ,  it  s e e m s  very  u n l ik e ly  t h a t  t h e r e  w a s  a
g e n e t i c  a s s o c i a t i o n  b e tw e e n  s p i k e l e t  b re a d th  and  th e  cook ing  q u a l i ty  
of r i c e  g r a in s  a s  a f f e c t e d  by t e m p e r a tu re  of g e l a t i n i z a t i o n .
T h e s e  r e s u l t s  a g a in  confirm t h o s e  o b t a in e d  by o th e r  w o rk e rs  
s tu d y in g  th e  r e l a t i o n s h i p  b e tw e e n  s p i k e l e t  d i m e n s i o n s  and  th e  
c oo k ing  q u a l i ty  of r i c e .  T h ese  r e s u l t s  a l s o  a g re e  w i th  t h o s e  o b ta in e d  
in  t h e  s t u d i e s  b e tw e e n  s p i k e l e t  l en g th  and  a l k a l i - d i g e s t i o n  in d e x .
t h a t  th e r e  w a s  no a s s o c i a t i o n  b e tw e e n  th e  s p i k e l e t  d im e n s io n s  and  
t e m p e r a tu re  of g e l a t i n i z a t i o n  in  t h i s  c r o s s .
This  l a c k  of a n  a s s o c i a t i o n  b e tw e e n  s p i k e l e t  b re a d th  a n d  t h e  
t e m p e r a tu re  of g e l a t i n i z a t i o n ,  th o u g h  not a s  im por tan t  a s  t h a t  b e tw e e n  
s p i k e l e t  l e n g t h  a n d  t e m p e r a tu re  of g e l a t i n i z a t i o n ,  i s  s t i l l  r e l a t i v e ly  
im por tan t  t o  r i c e  b r e e d e r s .  It i s  no t  a s  im por tan t  a s  t h a t  for s p i k e l e t  
l e n g th  b e c a u s e  s p i k e l e t  b re a d th  i s  c o n s i d e r e d  l e s s  im p o r tan t  in  many 
b re e d in g  p ro g ra m s .
The r e s u l t s  s t ro n g ly  s u g g e s t  t h a t  i n d e p e n d e n t  s e l e c t i o n  for 
s p i k e l e t  b rea d th  a nd  t e m p e r a tu re  of  g e l a t i n i z a t i o n  h a s  to  b e  m ade  in  
o rd e r  to  m a in ta in  e i t h e r  of th e  d e s i r e d  c o m b in a t io n s  of t h e s e  tw o  t r a i t s  
narrow s p i k e l e t s  w i th  m o d e ra te ly  h igh  t e m p e ra tu re  of  g e l a t i n i z a t i o n ,  
or b ro ad  s p i k e l e t s  w i th  low t e m p e r a tu re  of g e l a t i n i z a t i o n .
As w a s  a l s o  t h e  c a s e  for  s p i k e l e t  l e n g t h ,  t h e s e  r e s u l t s  of a 
l a c k  of a n  a s s o c i a t i o n  t a k e  on  a n  a d d e d  im p o r ta n c e  th ro u gh  t h e  i n ­
c r e a s e d  h y b r id iz a t i o n  e f fo r t s  b e in g  done  b e tw e e n  in d ic a  a n d  l a p o n lc a  
ty p e  v a r i e t i e s .
7) S p ik e le t  b rea d th  a nd  i o d i n e - b l u e  t r a n s m i s s i o n  v a l u e .
The p h e n o ty p ic  c o r r e l a t io n  c o e f f i c i e n t  b e tw e e n  s p i k e l e t  b rea d th  
a n d  i o d i n e - b l u e  t r a n s m i s s i o n  v a lu e  w a s  d e te r m in e d  for 297 F2  p l a n t s .  
A low and  n o n s i g n i f i c a n t  c o r r e l a t i o n  c o e f f i c i e n t  of - 0 . 0 7  w a s  o b ta in e d  
No g e n e t i c  c o r r e l a t io n  c o e f f i c i e n t  w a s  d e te rm in e d  for t h e s e  t r a i t s .
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That th e  p h e n o ty p ic  c o r r e l a t io n  c o e f f i c i e n t  i s  ve ry  low a n d  non -  
s i g n i f i c a n t  s t ro n g ly  s u g g e s t s  t h a t  t h e r e  i s  no g e n e t i c  a s s o c i a t i o n  
b e tw e e n  s p i k e l e t  b rea d th  and  th e  r e l a t i v e  amount  of a m y lo s e  s t a r c h  
in  t h e  r i c e  g ra in  e n d o s p e r m .  T h u s ,  th e  r e s u l t s  i n d i c a t e  th a t  no a s s o ­
c i a t i o n  b e tw e e n  s p i k e l e t  b r e a d th  a n d  c o ok in g  q u a l i ty  of r i c e  e x i s t s ,  
a g re e in g  w i th  t h e  r e s u l t s  o b t a in e d  from th e  c o r r e l a t io n  s tu d y  b e tw e e n  
s p i k e l e t  b re a d th  and  a l k a l i - d i g e s t i o n  in d e x .
This  l a c k  of a n  a s s o c i a t i o n  b e tw e e n  s p i k e l e t  b re a d th  a nd  th e  
r e l a t i v e  amount  of a m y lo s e  s t a r c h  i s  im por tan t  to  r i c e  b r e e d e r s .  It 
i n d i c a t e s  t h a t  i n d e p e n d e n t  s e l e c t i o n  for s p i k e l e t  b re a d th  and  a m y lo s e  
c o n te n t  h a s  to  be  p r a c t i c e d  by r i c e  b r e e d e r s ,  in  o rder  to  o b t a in  th e  
d e s i r e d  c o m b in a t io n  of s p i k e l e t  b r e a d th  and  co ok ing  q u a l i t y  of r i c e .  
P re s e n t  c o m b in a t io n s  a re  e i t h e r  narrow s p i k e l e t  b r e a d th  and  high 
a m y lo s e  c o n te n t  or b road  s p i k e l e t  b re a d th  and  low a m y lo s e  c o n t e n t .
As w a s  p o in te d  out  for th e  r e l a t i o n s h i p s  b e tw e e n  s p i k e l e t  l eng th  and  
a l k a l i - d i g e s t i o n  in d e x  and  i o d i n e - b l u e  v a l u e ,  and  b e tw e e n  s p i k e l e t  
b rea d th  a n d  a l k a l i - d i g e s t i o n  i n d e x ,  t h i s  l a c k  of an  a s s o c i a t i o n  r e ­
c e i v e s  a n  ad d ed  im p o r ta n c e  in  th e  h y b r id iz a t i o n  e f fo r t s  b e tw e e n  
v a r i e t i e s  b e lo ng in g  to  th e  i n d ic a  and  i a p o n i c a  g r o u p s .
8 ) P a n ic l e  l e n g th  and p la n t  h e ig h t .
The p h e n o ty p ic  c o r r e l a t io n  c o e f f i c i e n t  b e tw e e n  p a n i c l e  l en g th  
an d  p lan t  h e ig h t  w a s  d e te rm in e d  for 946 F 2  p l a n t s .  A h igh ly  s i g n i f i ­
c a n t  c o r r e l a t io n  c o e f f i c i e n t  of + 0 .4 3  w a s  o b t a i n e d .  The g e n e t i c
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c o r r e l a t io n  c o e f f i c i e n t  b e tw e e n  t h e s e  tw o  t r a i t s  w a s  a l s o  d e te rm in e d  
an d  found to  be  a h ig h ly  s i g n i f i c a n t  + 0 , 6 7 .
Both c o r r e l a t io n  c o e f f i c i e n t s  i n d i c a t e d  t h e  sa m e  n a tu re  of a s s o c i a ­
t i o n — th e  t a l l e r  t h a  p l a n t ,  t h e  lo n g e r  t h e  p a n ic l e  t e n d e d  to  b e .  This  i s  
th e  sa m e  r e l a t i o n s h i p  a s  t h a t  found in  th e  p a r e n t a l  v a r i e t i e s .  N ira  h as  
t a l l  p l a n t s  w i th  long  p a n i c l e s  w h i l e  C o l u s a  h a s  shor t  p l a n t s  w i th  short  
p a n i c l e s .
The g e n e t i c  c o r r e l a t io n  c o e f f i c i e n t  i s  s u b s t a n t i a l l y  h igh e r  th a n  
t h e  p h e n o ty p ic  o n e .  This  g r e a t e r  g e n e t i c  c o r r e l a t io n  c o e f f i c i e n t  i n d i ­
c a t e s  t h a t  th e re  i s  a c l o s e r  g e n e t i c  r e l a t i o n s h i p  b e tw e e n  p a n ic l e  l eng th  
a n d  p lan t  h e ig h t  t h a n  s u g g e s t e d  by t h e  p h e n o ty p ic  c o r r e l a t io n  c o e f f i ­
c i e n t .  That  i s ,  t h e  p h e n o ty p ic  c o r r e l a t i o n  c o e f f i c i e n t  d o e s  not r e p r e ­
s e n t  th e  e n t i r e  g e n e t i c  a s s o c i a t i o n  t h a t  e x i s t s  b e tw e e n  t h e s e  tw o  t r a i t s  .
The g e n e t i c  c o r r e l a t io n  c o e f f i c i e n t  i s  r e l a t i v e ly  high  and  i t  is  
h ig h ly  s i g n i f i c a n t ,  i n d ic a t in g  a  s t rong  g e n e t i c  a s s o c i a t i o n  b e tw e e n  
p a n ic l e  l en g th  and  p lan t  h e i g h t .  A s c a t t e r  d iag ram  for th e  two c h a r a c ­
t e r s  w a s  p rep a red  and  i s  p r e s e n t e d  in  Figure  5 .
The s c a t t e r  d iag ram  conf i rm s  th a t  th e r e  i s  a  r e l a t i v e ly  uniform 
and  s t rong  r e l a t i o n s h i p  b e tw e e n  p a n ic l e  l e n g th  and  p lan t  h e ig h t .
Though th e r e  w a s  a  g re a t  d e a l  of g e n e r a l  v a r i a t i o n  of c o m b in a t io n s  
b e tw e e n  th e  tw o  c h a r a c t e r s ,  th e  a s s o c i a t i o n  w a s  s e e m in g ly  s t rong  
enough  to  p rev e n t  new p a re n ta l  r e c o m b i n a t i o n s . The mean p a n ic l e  
l e n g th  of Nira w a s  2 8 . 9  c m .  and  i t s  mean p lan t  h e ig h t  w a s  6 1 .2  i n . .......
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The m ean  p a n ic l e  l e n g th  of  C o l u s a  w a s  2 1 .6  c m .  and  i t s  m ean  p lan t  
h e ig h t  w a s  4 6 .5  i n .  Among t h e  r e l a t i v e ly  l a rg e  F 2  p o p u la t io n  of 946 
p l a n t s ,  t h e r e  w e re  no p l a n t s  w h ic h  h ad  the  p a n ic l e  l en g th  of Nira 
c o m bin ed  w i th  t h e  p lan t  h e ig h t  of C o l u s a ,  nor w e r e  th e re  any  p l a n t s  
w h ic h  h ad  t h e  p a n ic l e  l en g th  of C o l u s a  c om bined  w i th  t h e  p lan t  h e ig h t  
of N i r a .  There  w e r e  a few F 2  p l a n t s  w h ic h  h ad  th e  p a n ic l e  l en g th  of 
Nira  a n d  w h ich  h ad  a h e ig h t  ap p ro a ch in g  th a t  of C o l u s a ,  bu t  t h e s e  w ere  
to o  few ,  c o n s id e r in g  th e  low h e r i t a b i l i t y  of p a n i c l e  l e n g t h ,  t o  be  an 
i n d i c a t i o n  th a t  a  r e c o m b in a t io n  of  Nira  p a n ic l e  l e n g th  and  C o l u s a  
h e ig h t  w a s  r e c o v e r e d .  There  w e re  no F 2  p l a n t s  w h ic h  e v e n  a p p ro a c h e d  
in  t h e i r  m e a s u r e m e n ts  of p a n ic l e  l e n g th  and  p lan t  he igh t  t h e  p a r e n t a l  
r e c o m b in a t io n  of C o l u s a  p a n ic l e  l e n g th  w i th  Nira  p lan t  h e ig h t .
T h e s e  r e s u l t s  s u g g e s t ,  t h o u g h  i t  c a n n o t  be  d e te rm in e d  d e f i n i t e l y ,  
t h a t  t h e  g e n e t i c  a s s o c i a t i o n  b e tw e e n  p a n ic l e  l e n g th  and p la n t  h e ig h t  i s  
p ro bab ly  due  to  p l e i o t r o p y .  If l in k a g e  w e re  t h e  c a u s e  of t h i s  a s s o c i a ­
t i o n ,  it  i s  h igh ly  p ro b ab le  t h a t ,  ou t  of th e  946 F 2  p l a n t s ,  t h e r e  w ould  
h a v e  b e e n  q u i te  a  few p l a n t s  th a t  w ou ld  h a v e  r e p r e s e n t e d  r e c o v e r i e s  of 
new p a r e n ta l  r e c o m b in a t io n s  a s  a  r e s u l t  of c ro s  s i n g - o v e r .
This  a s s o c i a t i o n  b e tw e e n  p a n ic l e  l e n g th  and  p la n t  h e ig h t  i s  of 
g r e a t  im p o r tan c e  t o  r i c e  b r e e d e r s .  The r e s u l t s  s t ro n g ly  s u g g e s t  th a t  
it  co u ld  b e  very  b e n e f i c i a l  to  r i c e  b r e e d e r s  in  th e  U n i ted  S t a t e s  in  t h e i r  
o b j e c t i v e  of d e v e lo p in g  v a r i e t i e s  b e t t e r  a d a p t e d  to  m e c h a n ic a l  h a r ­
v e s t i n g .  Part of  t h i s  o b j e c t i v e  i s  to  d e v e lo p  v a r i e t i e s  t h a t  a re  shor t  
s t a tu r e d  a nd  h a v e  shor t  co m p a c t  p a n i c l e s .  This  a s s o c i a t i o n  w ou ld
h e lp  r i c e  b r e e d e r s  in  t h e i r  s e l e c t i o n  for t h i s  d e s i r e d  c o m b in a t io n .
On th e  o th e r  h a n d ,  if  r i c e  b r e e d e r s  e v e r  d e s i r e d  to  com bine  short  
p a n i c l e  l e n g th  w i th  t a l l  p lan t  s t a tu r e  or long p a n ic l e  l en g th  w i th  short  
p la n t  s t a t u r e ,  t h i s  a s s o c i a t i o n  w o u ld  be  a g rea t  h a n d i c a p .
Another  im por tan t  u s e  t h a t  r i c e  b r e e d e r s  c a n  make of t h i s  a s s o ­
c i a t i o n  i s  in  the  s e l e c t i o n  for p a n ic l e  l e n g t h .  In b reed ing  programs 
a im ed  a t  m ain ta in in g  a c e r t a i n  p lan t  he igh t  a nd  p a n ic l e  l e n g t h ,  th e  
s e l e c t i o n  for p a n i c l e  l e n g th  c a n  b e  made more e f f e c t i v e  th rough  a 
s e l e c t i o n  for p l a n t  h e ig h t .  R e la t iv e ly  e f f e c t i v e  s e l e c t i o n  for p lan t  
h e ig h t  c a n  be  made in  t h e  F 2 ; but  b e c a u s e  of th e  g rea t  i n f lu e n c e  of 
e n v i ro n m en t  on t h e  e x p r e s s i o n  of p a n i c l e  l e n g t h ,  no e f f e c t i v e  s e l e c t i o n  
for i t  c a n  b e  made un t i l  a t  l e a s t  t h e  F 3 . T h u s ,  by s e l e c t i n g  for th e  
d e s i r e d  p la n t  h e ig h t  t h e  r i c e  b r e e d e r  w i l l  a l s o  b e  s e l e c t i n g  for th e  
d e s i r e d  p a n ic l e  l en g th  to  a  c e r t a i  n e x t e n t .  S e l e c t i o n  for p a n i c l e  l en g th  
w i l l  s t i l l  h a v e  to  b e  made in  t h e  F g , due  to i t s  low h e r i t a b i l i t y , bu t  th e  
s e l e c t i o n  for p lan t  h e ig h t  in  th e  F2  w i l l  h a v e  p rob ab ly  e l im in a te d  a 
g re a t  d e a l  of t h e  u n d e s i r a b l e  p a n ic l e  l e n g t h s .
As w a s  t h e  c a s e  for som e of th e  o th e r  a s s o c i a t i o n s ,  or  l a c k  of 
a s s o c i a t i o n s ,  t h a t  w e re  found  in  t h i s  s t u d y ,  t h i s  a s s o c i a t i o n  b e tw e e n  
p a n i c l e  l e n g th  a n d  p lan t  h e ig h t  g a i n s  an  a d d e d  im p or tan c e  th rough  th e  
i n c r e a s e d  u se  of h y b r id iz a t io n  p rogram s inv o lv ing  j a p o n ic a  and  l n d ic a  
v a r i e t i e s .  M os t  i n d ic a  v a r i e t i e s  h a v e  long l a x  p a n i c l e s  a nd  a re  r e l a ­
t i v e l y  t a l l ,  w h i l e  most  j a p o n ic a  v a r i e t i e s  h a v e  short  c om p ac t  p a n ic l e s
and  a re  r e l a t i v e ly  s h o r t .  T h u s ,  t h i s  a s s o c i a t i o n  c a n  s u b s t a n t i a l l y  
h e lp  in  r e c o v e r in g  t h e  d e s i r e d  c o m b in a t io n  of e i t h e r  t h e  l n d i c a  or 
i a p o n ic a  v a r i e t y .
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Figure  6 . S c a t t e r  d iag ram  show ing  t h e  a s s o c i a t i o n  b e t w e e n  p a n i c l e  l eng th  
and  p la n t  h e ig h t  in  t h e  F 2 .
SUMMARY
The C o l u s a  a n d  N ira  p a re n t  p l a n t s  h a d  m e a n s  for s p i k e l e t  l e n g th  
of  7 . 5 7  mm. a n d  10 .15  m m . ,  r e s p e c t i v e l y .  S p ik e le t  l e n g th  m e a s u r e ­
m en ts  in  399 F 2  p l a n t s  r a n g e d  c o n t i n u o u s l y  from 7 . 6 8  mm. to  10 .15  
m m . , w i th  a m ean  of 8 . 7 4  mm. R e s u l t s  sh o w e d  no e v i d e n c e  of 
d o m in a n c e  and  t h a t  s p i k e l e t  l e n g th  b e h a v e d  a s  a t y p i c a l  q u a n t i t a t i v e  
c h a r a c t e r ,  w i th  t h e  p a r e n t a l  m ean  d i f f e r e n c e  of 2 . 5 2  mm. e s t i m a t e d  to  
b e  g o v e rn e d  by 3 or 4 p a i r s  of  g e n e s .  H e r i t a b i l i t y  w a s  e s t i m a t e d  to  be 
9 0 . 6 % ,  i n d ic a t i n g  t h a t  s e l e c t i o n  among F 2  p l a n t s  for  s p i k e l e t  l e n g th  
w o u ld  be  r e l a t i v e l y  e f f e c t i v e .
The m e a n s  for  s p i k e l e t  b r e a d th  of t h e  C o l u s a  a nd  N ira  p a ren t  
p l a n t s  w e re  3 . 8 2  mm, a n d  2 . 7 8  m m . ,  r e s p e c t i v e l y .  The s p i k e l e t  
b re a d th  m e a s u r e m e n ts  in  399 F 2  p l a n t s  r a n g e d  c o n t i n u o u s l y  from 
2 . 6 8  mm. to  3 . 8 8  m m . , w i th  a m ean  of  3 . 2 2  mm. E v id e n ce  of som e 
s l i g h t  p a r t i a l  d o m in a n c e  for narrow b re a d th  w a s  fo u n d ,  bu t  i t  w a s  too  
low to  be  of p r a c t i c a l  s i g n i f i c a n c e .  S p ik e le t  b re a d th  b e h a v e d  a s  a 
t y p i c a l  q u a n t i t a t i v e  c h a r a c t e r ,  w i th  t h e  p a r e n t a l  m ean  d i f f e r e n c e  of 
1 .0 4  mm. e s t i m a t e d  to  be  g o v e rn e d  by 3 or 4 p a i r s  of g e n e s .  H e r i t ­
a b i l i t y  w a s  e s t i m a t e d  to  b e  9 1 .8 % ,  in d ic a t i n g  t h a t  s e l e c t i o n  among 
i n d iv id u a l  F 2  p l a n t s  for s p i k e l e t  b re a d th  w ou ld  b e  r e l a t i v e l y  e f f e c t i v e .
The m ean  p a n i c l e  l e n g t h s  for t h e  C o l u s a  a n d  Nira  p a re n t  p l a n t s  
w e re  2 1 .6 3  c m .  and  2 8 ,9 1  c m . ,  r e s p e c t i v e l y .  P a n i c l e  l eng th
120
121
m e a s u r e m e n ts  i n  946 F2  p l a n t s  r a n g e d  c o n t in u o u s ly  from 2 0 .1  c m .  to  
34 .5 c m . , w i th  a m ean  of  2 7 .9 5  c m .  No g e n e t i c  a n a l y s i s  w a s  
a t t e m p t e d ,  due  to  t h e  p ro b ab le  p r e s e n c e  of h e t e r o s i s  for long 
p a n i c l e  l e n g t h , t h e  s t rong  in f lu e n c e  of env ironm en t  on  t h e  v a r i a t i o n  
of p a n i c l e  l e n g th  i n  t h e  p a r e n t s  a n d  due  to  t h e  fac t  t h a t  t h e  F 2  
v a r i a n c e  d id  not e x c e e d  t h o s e  of th e  p a r e n t s .  The h e r i t a b i l i t y  of 
p a n i c l e  l en g th  w a s  o b v io u s ly  v e ry  lo w ,  in d ic a t i n g  t h a t  s e l e c t i o n  
among in d iv id u a l  F 2  p l a n t s  w o u ld  not be  e f f e c t i v e .
Though t h e r e  w a s  a n  o b v io u s  g e n e t i c  s e g r e g a t io n  in  t h e  F 2  for  
s p i k e l e t  w e i g h t ,  a  g e n e t i c  a n a l y s i s  w a s  not a t t e m p t e d ,  s i n c e  t h e  
p a r e n t s  h ad  e s s e n t i a l l y  t h e  sam e  w e ig h t  per  100 s p i k e l e t s .  The bulk 
of th e  F2  p o p u la t i o n  had  s p i k e l e t  w e i g h t s  b e lo w  th e  m ean  w e i g h t s  of 
t h e  p a r e n t s .  This  w a s  a t t r ib u t e d  mainly  to  t h e  f ac t  t h a t  many F 2  
p l a n t s  h a d  new c o m b in a t io n s  of s p i k e l e t  d i m e n s i o n s  of in te r m e d ia t e  
l e n g th  w i th  narrow b r e a d t h ,  or shor t  leng th  w i th  in te r m e d ia t e  b r e a d t h .
No g e n e t i c  a n a l y s i s  w a s  a t t e m p te d  for  a v e r a g e  number  of 
s p i k e l e t s  pe r  p a n i c l e ,  s i n c e  th e  p a re n t s  d id  not d i f fe r  s ig n i f i c a n t l y  
for t h i s  t r a i t .  The F 2  r e s u l t s  d id  i n d i c a t e  th ough  th a t  som e s e g r e g a ­
t i o n  for t h i s  t r a i t  o c c u r re d  a nd  th a t  h e t e r o s i s  for h igh  s p i k e l e t  number  
p o s s ib l y  o c c u r r e d .  H e r i t a b i l i t y  w a s  o b v io u s ly  to o  low to  permit  
e f f e c t iv e  s e l e c t i o n  for it  in  th e  F 2 .
An im por tan t  though  low g e n e t i c  a s s o c i a t i o n ,  p o s s ib l y  due  to  
l i n k a g e ,  w a s  found  b e t w e e r r s p i k e l e t  l e n g th  a n d  b r e a d t h .  Their
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p h e n o ty p ic  and  g e n e t i c  c o r r e l a t io n  c o e f f i c i e n t s  w e re  - 0 . 2 3  a n d  - 0 . 3 0 ,  
r e s p e c t i v e l y .
Both s p i k e l e t  d im e n s io n s  w e re  found to  be  g e n e t i c a l l y  a s s o ­
c i a t e d  to  a low d e g re e  w i th  t im e  of m a tu r i ty .  The p h e n o ty p ic  c o r r e ­
l a t i o n  c o e f f i c i e n t s  b e t w e e n  d a te  of h a r v e s t  and  t h e  d im e n s io n s  of 
l e n g th  a nd  b re a d th  w ere  .+0,18 a nd  - 0 . 2 2 , r e s p e c t i v e l y .
The p h e n o ty p ic  c o r r e l a t io n  c o e f f i c i e n t s  b e tw e e n  a l k a l i -  
d i g e s t i o n  in d e x  a n d  t h e  s p i k e l e t  d im e n s io n s  and  b e tw e e n  i o d i n e - b l u e  
v a lu e  and  t h e  d im e n s io n s  w e re  a l l  ve ry  low and  n o n s i g n i f i c a n t ,  i n d i ­
c a t in g  t h a t  t h e  s p i k e l e t  d im e n s io n s  w e re  not  a s s o c i a t e d  w i th  cook ing  
q u a l i t y  of r i c e .
P a n ic l e  l e n g th  and  p lan t  h e ig h t  w e re  found  to  be  h igh ly  a s s o ­
c i a t e d  g e n e t i c a l l y ,  p robab ly  due  to  p l e io t ro p y .  T he ir  p h e n o ty p ic  a nd  
g e n e t i c  c o r r e l a t io n  c o e f f i c i e n t s  w e r e  + 0 .4 3  and  + 0 . 6 7 ,  r e s p e c t i v e l y .
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